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PfeEFACE TO THE FIFTH EDITION 


A SLIGHT delay in the publication of this volume is due to the lament- 
able death of Dr. Julius Lewkowitsch, which occurred within a few days 
of the appearance of the first volume of this edition of his Chemical 
Technology of Oils, Fats, and \Yaxes, 

Such delay as has been unavoidable, owing to reorganisation, has 
not prevented the work from being issued in as new a form as possible ; 
on the contrary, it has giv(Mi scope for the addition of the most recent 
data, of which due note has been taken, even up to the eve of publication. 

Dr. Lewkowitsch had collected and annotated a very large amount 
of new material, including many personal observations of recent date, 
for incorporation in the second and third volumes. 

It has been my privilege to edit these notes and bring the Work 
up to date, following on the lines laid down by the author so far as lies 
in my power. 

My long association with Dr. Lewkowitsch in his analytical practice, 
extending over a period of seventeen years, has rendered the work a 
labour of love, and in the preparation of this volume no effort has been 
spared in order that it. may present to the public a standard of com- 
pleteness and excellence, which the author himself would have approved. 

Notwithstanding this, it is only too probable that errors of omission 
have occurred .arid mistakes have crept in, and I shall be grateful to 
rij^ders who will be so kind as to point out to me any such errors as may 
^ come under their notice. It should, however, be borne in mind that 
coi^iderations of space and the desire not to render the volume too 
unwieldy have necessitated a very Strict censorship over the available 
matter. 

The physical and chemi(;al characteristics of oils and fats jn com- 
mcrcifU use have been somewhat modified during the last years owing 
to improvements in preparing and refining the natural products. For 
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this reason, some of the older figures, published in the last edition, which 
obviously referred to badly refined or highly rancid specimens, liave 
been eliminated. ^ 

Owing to the continuous search for new oils and fats, especially 
for edible purposes, the sources of supply ai-c being widened, and some 
data regarding a number of little-known oils, which may in the ful^ure * 
prove of commercial importance, have been added. 

Under the headings of the individual oils and fats will be found i\ 
large number of hitherto unpublislu'd observations obtained in tliis 
laboratory. 

The subject-matter for Vol. Ilf. is already in tlie press. 

GEOllGE H. Wi\HBURTON. 


The T.ewkowitscit Labor\tory, 

71 Pkiorv Hoad, London, N.W. 
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CHAPTER XIII 

COMMERCIAL PREPARATION OP THE RAW MATERIALS USED 
IN THE OILS, FATS, AND WAXES INDUSTRIES 

Commercial Preparation of Oilt^^and Fats 

■ Oils and fats sei’ve the human race as one of the most important 
articles of food. Hence operations having for tlieir object the prepara- 
tion of oils and fats date back to the remotest times in the history of 
mankind. The cave-dweller who first collected the fat dripping from 
the deer on the roasting-spit may be considered as the first manufacturer 
of tallow, just as the inhabitant of a tropical country who first collected 
the oil whicli ran off the broken kernel of the cocoa nut, on exposure 
tb the sun, may be looked upon as the first manufacturer of vegetable 
oils or fats. The technical appliances used for the production of oils 
and fats range, therefore, from the simplest contrivances up to the very 
elaborate machinery in vogue at present. Some of the oldest methods 
still survive to-day, such as the extremely primitive processes employed 
in the production of palm oil, the expression of olives, the boiling out of 
blubber, etc., although they are rapidly being replaced by modern 
methods. The first supplies qf vegetable oils and fats were, no doubt, 
obtained from fruits, such as those of the palm and (5live trees. The 
oils were recovered in an exceedingly crude fashion, either by storing 
the fruits for some time in holes in the ground, when fermentation of 
the mass set in and the oil rose to the surface, or by boiling the fruit in 
water. r. 

An advance in the manufacture was reached with the expression 
of oils from fruits in some kind of a rough press, exemplified by the 
pacjflng of the fruit into sacks, and covering these with wood weighted 
by stones. A further stage was marked by the production of vegetable 
oils froj|ji oleaginous seeds ; these were originally ground up between 
stones, as is still being done at present in East India. The latest 
development is indicated by the processes involving the extraction with 
solv-ents. 

Since oils and fats are obtainable in all countries of the world, it 
will be readily understood that even the crudest and oldest methods 
are still in existence. The detailed consideration of these modes of 
manufacture lies beyond the scope of this chapter, and the reader 
VOL. II B 
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must be referred to the following chapter, in which, under the heading 
of each individual oil or fat, such processes are described. Nor is it 
intended to givecan exhaustive survey of the subject and to describe 
in detail the motc^ recently adopted manufacturinj^ operations. Wc 
shall therefore only briefly glance at ‘the stages by which tln^ most 
advanced technical processes and appliances used in large scale opera- 
tions have been reached. 

The processes employed for the production of oils and fats divide 
themselves naturally into three groups 

(1) Preparation of oils and fats by rendering, i.e. boiling out, with 

water or steam. 

(2) Preparation of oils and fats by expression. 

(3) Preparation of oils and fats with the aid of solvents. 


(1) Preparation of Oils and Fats hj Rendering, i.e. Boiling out 
with Water or Steam 

A survival of one of the oldest methods of rendering vegefahle ods 
and fats (still practised in Central Africa, Indo-China, and some of the 
South Sea Islands) by hea])ing up oleaginous fruits and brohen kernels, 
allowing the contained oil to melt by the heat of tlie sun and collecting 
the exuding fat (see Chap. XIV. “ Carapa Oil,” “ Cay Cay Fat ”) is at 
present represented by the system of preparing Cochin oil (see Cha]). 
XIV.) by boiling out the sun-dried or kiln-dried cocoa nuts with water. 

Since for a process of this kind very simple machinery is riMpiin^d, 
the method has still some fascination for inventors, and even at the 
present day proce.sses are being patented having for their object the 
boiling out of fruits with water or salt solutions,^ so as to facilitate the 
separation of the oil from the pulp by gravitation. Froci'sses of this 
kind have been patented by Graham and Kellogg,^ W. 11. Gesner and 
A. R. Brandly,^ and by Miguel del Prado. 

Whereas the boiling-out process is of minor importance in the 
preparation of vegetable oils and fats (exi'cpting “ Cochin oil ”), “ ren- 
dering ” is applied on the largest scale to the production of animal 
oils and fats. Formerly animal oils and fats were obtaimHl by lieating 
over fi’ee fire those parts of the animal which contained oil or fat, so as 
to cause bursting of the fat-containing cells. Not infrequently the 
tissue would burn on to the sides of the vessel and lead to the destruction 
of the fat, or the heated mass would even boil over and the fat run into 
the flue, whereby volumes of acrolein were sent into the atmospheie. 

This rough-and-ready method of heating the adipose tissu^ of 
animals over free fire may be considered as extinct in properly equipped 
establishments, but it is still being practised in small workmen the 

^ The lieatiiig of fat-coiilaining material with an oil or fat similar to that which it 
contains has been patented by Berliner (Knglish patent 23,146, 1907 ; United States 
patent 878,930; German patents 197,725, 208,443 (see “Bonefat”) ; French patent 
383,231). 

^ German jiatent 109,239. ^ French patent 357,320. 

^ French patent 365, 187 ; cp. also Tanquerel, French patent 345,849 ; ACnfiay Gomez 
de la Torre, French patent 403,015 ; Chap. XIV. “Olive Oil.” 
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Continent (and even patents are still being taken out therefor ^). 
The nuisance which follows in the wake of a manufacturing process of 
this kind has nati^rally led to stringent regulations /n the part of the 
sanitary authorities. ♦ 

Ewn the practice of “ trying,” i.e. rendering, the blubber of the 
.whale, seal, and sperm whale (see below) on board the whaling vessel 
over free fire has become obsolete, and the modern practice is to deliver 
the blubber in as fresh a state as possible to tlie whaling establishments, 
where the oil is rendered in digesters (see below, Chap. XIV. “ Whale 
Oil,” “ Seal Oil ”). 

The rendering of tallow from the “ rough fat ” as it comes from 
the slaughter-house to the rendering establishment is nowadays carried 
out under such conditions that no objections can be raised from a 
sanitary point of view. The simplest and, in my own experien(;e, a very 
elective method for obtaining tallow for technical purposes, is to place 
the rough fat in covered lead-lined vessels provided with steam coils, 
bottom outlet taps, a trap-door for charging the rough fat, and a wide 
outlet on the fop through wliich any offensive vapours that may be 
given off are conducted through closed pipes to the chimney stack or 
fire grate. ^ Hot water is then run on to the fat, and steam turned on. 
After heating for a sufii(*ient length of time, the steam is shut off, when 
the clear melted fat rises to the top. It can then be drawn off ready 
for use or into another vessel for further purification (see below, “ Re- 
fining,” “ Bleaching ”). The animal tissue, etc., still containing con- 
siderable quantities of fat, is again boiled up with steam after a few per 
cent of dilute sulphuric acid liave been added, whereby the cell mem- 
branes are “ cut,” so that they more readily part with the remainder 
of the occluded fat. The fumdion of the acid consists also in “ breaking” 
the emulsion formed by gluey matter and fat. 

This second operation yiehls a somewhat inferior kind of fat as 
regards odour and colour ; the proportion of free fatty acids is, how- 
ever, not imu'eased thereby, since dilute sulphuric acid is incapable of 
effecting hydrolysis.^ 

The foregoing method yields sufficiently good raw material for 
technical purposes. Therefore processes (patented) involving the 
melting out of rough fat in vacuo are an unnecessary complication of a 
simple operation. v 

Since melting out of the rough fat over free fire has been classed 
amongst the noxious trades, a number of apparatus have been designed 
in A^ich the tallow is molted in closed vessels under pressure. Such 
vessels — termed digesters — consist essentially of a vertical boiler pro- 
vided w^th a false perforated bottom, and constructed to withstand a 
pressure of several atmospheres. Live steam is turned into the boiler 
below the perforated bottom on which the rough fat rests ; at the 
elevated temperature the mass parts readily with its occluded fat, 
and in a shorter time than by steaming at the ordinary pressure. An 

1 Cp. Geri?iaii patents 217,278, 223,559 (F. Wirth and L. Wirth). 

8 Cp. French patent 382,745 (G. Talbot) ; cp. also English patent 8397, 1912. 

® Cp. Lewkowitsch, Joum. Soc. Chem. Ind., 1903, 73 ; also Vol. I. Chap. II. 
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apparatus of this kind, designed many yfears ago by Wilson, is shown 
in Fig. 1 ; it has served as a prototype for a numl)er of more or less 
complicated digeaif^ers now in use. They are espec^ially employed for 
working up the residues left after rendering, at the lowest possible 
temperature, “ premier jus,” “ lard,” etc. (sec “ Edible Fats,” »p. '31, 
and Vol. III. Chap. XV.). 

More primitive are the methods for obtaining fish, blubber, and 
liver oils. 



Fi- 
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The employment of digesters has found most extensive use in the 
enormous rendering establishments for ta,llow, bone fat, and lard, in 
the United States and South America (see Chap. XIV.), which inVcir 
turn have served as models for the rendering of blubber oils (see Chap. 
XIV. “ Whale Oil ”), fish oils (see Chap. XIV.), bone fat (see yol. III. 
Chap. XV.), “Greases” (see Chap. XV. and Chap. XVI.), and all 
kinds of waste fats in slaughter-houses (see Chap. XVL). Side by side 
with the processes using digesters, there are still in vogue, on a large 
scale, processes having for their object the boiling out of oil-containing 
material with the aid of water and steam in open vessels (see Chap. XlVt 
“ Fish Oil,” “ Neat’s Foot Oil ”). 

The preparation of animal oils and fats for edible purposes requires 
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special precautions, which vary with the special conditions which each 
individual material presents. A description of processes adapted to 
such special purpose will be found in Chapter XIV., under the headings 
“ Lard,” “ TalW,” “ Butter,” “ Cod Liver Oil,”^fid in Volume III., 
unde^; the heading “ Margarine.” 

Apparatus designed for the continuous rendering (propulsion of the 
mass by screws, etc.) have proved useless, as after a very short time 
the moving parts become clogged up. A contrivance designed to avoid 
this drawback suggests introducing the rough fat into the melting vat 
from below. ^ 

(2) The Prejmration of Oils and Fats hy Expression 

The boiling-out process is, for obvious reasons, practically inapplicable 
in the case of small seeds, such as linseed and rape seed. The original 
method of obtaining the oil from such seed was most likely the same 
which is still used in most villages in India, viz. trituration of the seed 
in a mortar, so that the oil can exude. It may be safely assumed that 
the process of expression was applied in the first instance to the prepara- 
tion of olive oil. The first woman who expressed oil by packing olives 
in a sack and weighting with stones may be considered the forerunner 
of the inventors of all the power presses that subsequently came into 
use. Pliny describes already in detail the apparatus and processes 
employed for obtaining olive oil by his Roman contemporaries, who 
used a simple screw press, a knowledge of which they had derived from 
the Greeks. In the East, where vegetable oils not only form an import- 
ant article of food, but are also used for other domestic purposes, various 
ingenious applications of lever presses and wedge presses, and even of 
combined lever and wedge presses, have been employed from the remotest 
times. At an early stage of history the Chinese ^ employed the same 
series of operations which are followed in the most advanced oil mills 
of modern times, viz. bruising and reducing the seeds to meal under an 
edge stone, heating the meal in an open pan, and pressing out the oil 
in a wedge press, the wedges of which are driven home by hammers. 
This primitive process is still being carried out in the production of the 
soya bean cake and soya bean oil (see Chap. XIV. “ Soya Bean Oil.”), 
one of the staple inejustries of Manchuria. The remarkably good yields 
of oil which* are thus obtained must be due to the length of time the 
meal is kept under pressure. The Japanese employed similar methods, 
ai^d at the present time a special wooden w^edge press— — is largely 
employed in the oil industry of Japan. The olive press, which was 
also u^od in vineyards for expressing the grape juice (the wine press is 
supposed to be an Assyrian invention), found its way from the South 
to the North of France, and was commonly employed for the expression 

1 E. D. Miller, English patent 2806, 1900; German patents 212,797, 229,004, 
247,322 (G. Honnicke). 

I The Chinese appear to liave been the first to work up cotton seed for oil and 
cake. Th% seed was crushed some centuries ago in their native mills ; the oil ’v<^a.s 
burned iu their hand lamps and the cake was returned to the land as a valuable 
fertiliser. 
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of poppy, hemp, and rape seeds. The apparatus was then gradually 
improved, and thus were evolved the modern forms of the screw-press, 
next the Dutch ()» stamper press, and finally the hydraulic press. 

With the screvf-press, even in its most improved Torm, the amount 
of pressure practicaUy obtainable is limited owing to the failure /)f its 
parts under the severe inelastic strain. Hence this form of press finds 
only limited application, as in the olive oil industry, for expressing the 
best and finest virgin oil, and in the production of animal fats for edible 
purposes, ^ch as lard and oleo-margarine. 

The Dutch or stamper press invented in Holland in the seventeenth 
century, was up to the early years of the nineteenth century almost 
exclusively employed in Europe for pressing oil seeds. ^ This press 
consists of two principal parts, an oblong rectangular box, with an 
arrangement of plates, blocks, and wedges, and over it a fi’anicwork 
with heavy stampers which produce the pressure by their fall. The 
press box first consisted of strongly bound oaken planks, but later on 
cast-iron boxes were introduced. At each extremity of the box, a bag 
of oil meal was placed between two perforated iron plates, under wliich 
were a perforated bottom and channels for conducting away the ex- 
pressed oil. Next were inserted filling-up pieces of wood, two of which — 
the speering blocks — were oblique or bevelled on one face, forming 
ways for the two wedges which pressed against them. Between the 
speering blocks, and separated also by a filling-in piece, were inserted 
the two wedges, one being the ordinary or driving wedge by which the 
pressure was applied to the seed bags, and the other an inverted or 
spring wedge, which was only driven down to loosen and free the various 
parts when the pressing operation was completed. The stamper which 
drove home the ordinary wedge was a heavy log of wood, about 16 feet 
long by 8 inches square, and it fell about fifteen times a minute through 
a maximum distance of 22 inches, by the action of a pair of cams fixed 
on a revolving shaft. When the pressure was deemed to have acted a 
sufficiently long time, the stamper suspended over the inverted wedge 
was brought into action ; by a single heavy blow it knocked the wedge 
out of its key-like position and thus freed the various parts of the 
apparatus for the removal of the pressed cakes. 

This press has had to give way to the hydraulic press, although in 
some old-fashioned establishments in Holland the /itamper press could 
still be seen at work in the ’eighties of the last century.^ 

The invention of the hydraulic press in 1795 by Joseph Bramah^ 
effected the greatest revolution in the oil industry, introducing aif^it 
did a new, easily controlled, and almost unlimited source of power ; 
the limit of the power being solely reached by the limit of the strength 
of the material the engineer is able to produce. Since then the hydraulic 
press has practically completely superseded all other appliances used 
for expression. In consequence of this epoch-making invention, assisted 


^ For a description of a prototype of this press, as used by the Chinese, cp. 0. •• 
Vogel, Ohtm. ZeiL, 1913, 183. 

Mn 1818 Hollan.l had 430, and in 1874, 536 oil nulls. 

’ English patent, April 30, 1796. 
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as it was later on by the accumulator — invented by William George 
(later Lord) Armstrong (in 1843) — the seed-crushing industry reached 
a perfection of mechanical detail which soon secured, to England the 
supremacy in this^ndustry, at any rate up to the ei^^^of the last century. 

The machinery required for the preliminary treatment of the fruit 
or seed must naturally vary with each particular kind of fruit or seed ; 
•' thus the preparatory operations for laying bare the fat-containing cells 
of cocoa nuts differ entirely fi’om those necessary in the case of linseed. 

A description of the special metliods used for the expression of each 
individual oil and fat will be given in the following chapter. Here it 
must sulhce to glance at the modern methods of preparing, crushing, 
and expressing the oleaginous seeds, as carried out in the best-equipped 
establishments. 

Since the catalogues and advertisements of the engineering firms 
who make a speciality of this class of machinery supply excellent 
illustrations, it is not deemed necessary to reproduce them here, it 
being my intention in this work to lay greater emphasis on the chemical 
tc(!hnology and general principles of the industries than on a full 
description of the machinery ^ used and the details of manufacturing 
operations. 

The storage of the seeds re({uires special precautions. They must 
be kept dry, heaped loosely, and well ventilated ; absence of bright light 
is essential so as to prevent heating, especially if they be brought into 
the store-house in a moist state. When the seed is moist all conditions 
favourable to the action of enzymes (see Vol. 1. p. 51) are given and 
hydrolysis of the oil or fat is produced with the formation of mono- 
and di-glycerides and of free fatty acids. (This is readily detected in 
the case of moist ra])e seed, as under favourable conditions the di^rucin 
formed crystallises out from the oil.) The free fatty acids so formed 
are acted u])on by the oxygen of the air, so that on pressing such seeds, 
oils are obtained, which not only contain free fatty acids, but also leave 
the presses in a rancid state. 

The sequence of operations observed in treating oil seeds, oil nuts, 
et(;., for the separation of the contained oils is at the present time as 
follows : — As a preliminary operation the oil seeds and nuts are freed 
from dust, sand, and other impurities, by sifting in an inclined revolving 
cylinder or sieving jnachine (;overed with woven wire, having meshes 
varying according to the size and nature of the seed operated upon. 
This preliminary purification is of the greatest importance ; it is 
e^/ecially indispensable for the preparation of edible oils and fats. In 
the case of those seeds which contain pieces of iron (nails ; hammer 
heads^n the case of palm kernels), the seeds are passed over magnetic 
separators, which retain the iron. The seeds and nuts are decorticated ^ 
(where required), the shells are removed by mechanical means (sifters, 
blowers), and the kernels (“ meats ”) converted into a pulpy mass or 
meal by passing through a hopper over rollers, consisting mostly of five 

’ Op ijewkovvitscli, Cantor Lectures on “ Oils and Fats : tlieir Uses and Ap{)]ica- 
tions,” Journ. Sac. Arts, 1904. 

^ A. E, Bov, English application 13,335, 1913. 
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chilled iron or steel cylinders, mounted vertically like the bowls of a 
calender (in older establishments stamping or crushing and grinding 
between stones edge runners is still employed). These rollers are 
finely grooved, so .that the seed is cut up whilst passing in succession 
between the first aid second rollers in the series, then between the 
second and third, and so on to the last, until it is sufficiently bruised, 
crushed, and ground. The distance between the rollers can be easily 
regulated, so that the seed leaving the bottom roller has the desired 
fineness. 

The suitably comminuted mass, forming a more or less coarse powder 
(“ meal ”) is either expressed at the ordinary temperature, or subjected 
to preliminary heating, the latter depending on the quality of the 
product to be manufactured. For the preparation of edible oils and 
fats, the mass is packed in bags and expressed in liydraulic presses in 
the cold, under a pressure of 300 atmospheres or more (i.e. a pressure of 
two tons or more to the square inch), so that the oil may exude readily. 
Such oils and fats are known as salad oils, cold-drawn oils, cold-pressed 
oils (see Vol. III. Chap. XV. “ Edible Oils ”). Under these conditions 
the oils and fats dissolve the smallest amount of colouring matters, 
and suffer in the least degree as regards quality. Obviously only a 
portion of the oil or fat contained in the fruit or seed is obtained in this 
manner ; a further quantity is gained by expression at a somewhat 
elevated fJbmperature, which is reached by warming the seed previous 
to expression. The quality of the oil or fat naturally sufiers when 
expressed in the hot, more of the extractive substances being dissolved 
in and intermixed with the oil. The taste also suffers ; the oil thus 
obtained is hardly suitable for edible uses and is chiefly employed for 
manufacturing purposes. The oil or fat which is retained by the press 
cakes can only be recovered by again comminuting the latter and 
subjecting the meal so obtained to a further expression. 

In the case of oleaginous seeds of somewhat low value, such as 
linseed, cotton seed, the aim is to express in one operation the largest 
possible quantity of oil. Hence the broken seed is generally warmed 
in a steam-jacketed kettle, fitted with mixing gear, by passing steam 
into the jacket, and sending at the same time some steam through a 
“ rose,” fixed inside the kettle, into the mass while it is being agitated. 
This practice is a survival or rather persistence of the older method of 
moistening the seed with a little water while the seeds were biuised under 
an edge runner, so as to raise the temperature, and facilitate the 
bursting of the cells. The assumption that the albuminous mas^ is 
thereby coagulated ^ hardly holds good, the object being merely 
warm the seed to a higher temperature and at the same time to moisten 
it, so that the cells part more freely with the imprisoned oil. * 

^ K. Oga ])atents in English patent 4262, 1911, a method of exposing the com- 
minuted material to a cun’ent of hot air, the temperature of which is so regulated that 
the albuminous matter does not coagulate. P. Schneider patents in French patent 
432,787 the application of superheated steam (patented also by K. S. Woodward, jun., ^ 
in United States patent 843,983, February 12, 1997) to the seeds before crus)iing. Cp. 
also the same patentee’s earlier French patent 372,566, as also liis English patelit 15,961, 
1911. Cp. also F. Wolfenden, United States patent 1,012,312. 
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The heated meal is then either packed by hand as is bein^ done 
largely in the South of France in “ scourtins ” (bags made of jilaited 
aloe leaves or cocoa nut leaves, camel hair or horse hair), or delivered 
through a measuring box, which is combined with automatii- mould- 
ing jTia(;}iine, into woollen bags or open cloths (fls is done where the 
Anglo-American jiress is used), so that the jircliminary pressed cakes 
can be put at once into the hydraulic press, in which the meal is sub- 



jected to high pressure. In the latest constructions of cage presses 
^ce below), the use of bags is entirely dispensed with, a measured-out 
Quantity of seed falling direct into the circular press cage, and being 
separated by a circular plate of sheet-iron from the material which is to 
forri the next cake,^ 

The essentials for proper oil pressing are a slowly accumulating 
pressure, so that the liberated oil may have time to flow out and escape ; 
a pressure that increases in proportion as the resistance of the material 
increases, and that maintains itself as the volume of material decreases 
through the escape of oil. 

^ Cp. E. C. Bisbee and C. P. Elmea, Freiicli patent 335,444. 
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Numerous forms of hydraulic presses have been devised. They may 
be divided into vertical and horizontal presses. Horizontal presses 
have practically ceased to be used in this branch of industry. ^ At 
present vertical premises are almost exclusively in vogile. 

The most primitive form of vertical press, and one which is still Aised 
where high pressure is not essential, is a drum or a box press, so called 
because on the platten are placed two circular metal tubes, one within 
the other, the inner being perforated throughout for the escape of the 
oil. At the top of the press is secured a strong metal plate or table, 
having the same diameter as the inner box. When the ram carrying 
the box is forced up against the surface of this table the seed is pressed. 
The seed bags, separated by metal plates, are deposited within a per- 
forated box. Experience, however, has demonstrated that the best 
presses are those provided with separate trays or seed boxes for each 
bag, and the ordinary oil press of this type is fitted with 4 to 6 seed 
boxes, and presses 4 to 6 separate (‘akes at one working. A convenient 
form was the double oil press of Blundell, which admits of continuous 
working, one division being under pressure while the other division is 
being emptied and recharged. This press has been practically ousted 
from the market by the following three types of presses : — 

1. The Marseilles Press. — Tliis press, a “ pa(*k press,” dispenses 
with bags, seed boxes, and hair mats, the seed being jiacked by hand in 
“ scourtins,” to the number of 16 to 2,5 for one charge, the “ scourtins ” 
being simply separated in the press by corrugated iron plates. This 
press is still largely used in the South of France, although the packing 
requires more manual labour than in the case of the Anglo-American 
press (see No. 2). Moreover, this press oifers inconvenience in keeping 
the bags straight, and the pressure cannot be raised to the same height 
as can be done in the following two types of presses. In fact, the 
extreme limit of pressure is 250 to 300 atmospheres (34 to 40 cwts. per 
square inch), this being the limit of the resistance of the “ scourtins.” ^ 

2. The Anglo-American Press. — This vertical press is at present the 
one mostly in use.^ It consists of an open press fitted with a number of 
iron press plates (from 10 to 16) between which the cakes are inserted 
by hand.** The pressure employed in working with these presses is 
usually 2 tons per square inch. 

3. Cage Press (Clodding Press). — This is a hydraqlic press provided 
with a circular box or cage, into which the meal is filled as* described 
above. The box (cage) is either constructed of metal staves (see 
Fig. 4) (vertical steel bars), held together by a number of steel rings, 
consists of one cylinder having a large number of perforations. The 
presses of this class, which have perforated cylinders, although preserving 

^ For a new horizontal press see, however, H. A. Herr, United States patents 
801,872, 819,996, and Jmrn. of the FranUin. hislitute, 1909, 275. 

For an illustration of the Marseilles press cp. Technologie et analyse chimiques 
des hulks, graisses et cires, par J. Lewkowitscli, tradnit par E. Bontonx. Vol. li, .575. 

3 A. Au.sterlitz (French patent 381,350, first addition 9347, and English patents 
10,860, 1907 I 7224, 1908) claims to obviate certain drawbacks to this press. United 
States America patent 992,534. *, 

R. Koeber and S. Koeber patent in English patent 16,827, 1906, plates having on 
all four sides rigid raised edges with an inwardly inclined surface. 
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mechanically a more perfect arrangement, are not preferable to the cage 
presses formed by staves, as the holes easily become clogged up by the 
meal, when it becomes necessary to clean out the cylinder, an operation 
which involves a ^ood deal of labour. To reduce the drawback caused 
by Ijie clogging up of the holes, they are bored, •in more recent con- 
structions, conically, the diameter on the outside of the cylinder being 
larger than the diameter of the holes in contact with the cakes. 

In order to save time and to obtain an increase of output with a 
given number of Marseilles or cage presses, each set (battery) of presses 
is provided with a preliminary (preparatory) press, in which the meal 
bags are compressed under a pressure not exceeding 1 5 to 20 cwts. ])gi 
square inch. The shrinkage in volume caused by the outflow of oil is 
made up by bags containing fresh meal. 

When the presses are charged the hydraulic pressure from the 
accumulator, and finally fi‘om the hydrauhc pump, is allowed to act 
on the ram. The hydraulic ram then compresses the cakes, whilst 
the exuding oil flows down the sides in the case of the open presses 
(1 and 2), or through the openings between the staves (clodding presses), 
or through the perforations of the cylinder, as the case may be, into a 
tank below. After releasing the pressure, the cakes are taken out ; 
the edges, which are naturally riclu^r in oil than the bulk, and hence 
are soft and friable, are trimmed olf in a jiaring machine.^ 

Oil obtained from lieaDid meal is usually more highly coloured and 
harsher to the taste than cold-drawn oil, since larger quantities of the 
extractive substances (albuminoids, mucilaginous substan(*es) j\,.TQ 
dissolved in, and intermixed with, the oil. According to the care 
exercised by the manufacturer in regulating the range of temperature 
through which the seed is heated, various grades of oil arc obtained. 

When the seeds contain large amounts of oil, exceeding 40 per cent 
(palm kernels, cocoa nuts, castor seeds), it is neeessary to repeat the 
process of expression. This is done by breaking up the cakes in a cake- 
breaking machine, reducing them to meal in an edge runner, and sub- 
jecting the meal to a second expression in the manner described already. 

In the case of some oil seeds which contain more than 40 per cent 
of oil (arachis, sesame) the first expression in bags leads to difficulties, 
as the oily meal causes ‘‘ spueing,” i.e. the meal exudes and escapes 
from the presses together with the oil. 

Hence in modern installations the first expression of these seeds 
IS carried out in “ clodding ” presses. These presses, generally worked 
in sets of two, or three, or more, have a seed kettle fixed on the top 
of the press (see Figs. 2 and 3) ; the kettle is provided with one or more 
openings, corresponding to the chamber or chambers in the heads of 
the press or presses. These chambers can be closed at the top and 
bottom by slides, actuated by levers, and are designed to contain as 
much meal as is required to form one cake. The measured charge of 
meal iif then allowed to fall into the press box and is covered with a 

^ A. Austerlitz, in German patent 184,979 patents u special paring maebine. 
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circular metal plate. This operation is repeated until the press is full, 
when hydraulic pressure is applied, and a ram forces the box against a 
sliding block at the head of the press. The oil exudes, and the meal is 
pressed into circul|Lr cakes ready for the second expression. After 
releasing the pressure, and removing the sliding block, the cake^ are 
forced out by the hydraulic ram. They are then comminuted, and the 
meal is subjected to a second expression in a Marseilles or Anglo- 
American hydraulic press. 

The mechanical part of the process has been improved recently, 



so that even for the second expression the open Anglo-Amefican press 
' can be dispensed with. The finishing presses are made of the same type 
as the press in which the first expression is carried out, and by makin|| 
the press cages removable the pressing operation approaches an 
almost continuous one. These cages can be transported by means of a 
power-driven carriage (see Fig. 4) to the finishing presses ; where* one 
preliminary press is combined with two finishing presses to a battery, 
the cages can be conveyed into the adjoining finishing press by a swinging 
arrangement (see Figs. 5 and 6), their place being filled immediately 
by a charged cage, or by a cage containing finished cakes. Thus, with 
the exception of the time required for withdrawing the pressing ‘cages 
and replacing them, the work goes on practically continuously. Further 
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advantages are offered by these presses in that the cakes require no 
paring, and that a saving of “ scourtins ” or press cloths in comparison 
with the Marseilles or Anglo-American systems is el^pcted. 

In the cage i^resses a higher pressure can be employed, and hence 
more oil can be obtained from the meal than in the open types (the 
Marseilles and Anglo-American presses). The pressure can be run 
up in practice from 2| to 2| tons per square inch. If the open presses 
could be made to withstand the same high pressm’e, they would un- 
doubtedly yield the same amount of oil. 

Cage presses having perforated cylinders (see above) are designed 
for still higher pressures, and installations have been erected during 
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recent years in which the pressure (under the piston) amounts to 460 
atmospheres (3 tons per square inch), and even 600 atmospheres (4 tons 
per squa’re inch)'. In order to provide for a ready outflow of the oil 
the number of holes in a cylinder of 420 millimetres diameter and 1400 
•millimetres height has been increased to almost 60,000. It should, 
however, be pointed out that no advantage is gained over the open 
presses or cage presses fitted with staves by these very high pressures. 
True, the cakes retain only about 7 per cenf of oil, but stock-raisers 
prefer cakes containing 10 per cent of oil (excepting cakes made from 
undecorticated cotton seed). 

In addition to the drawbacks mentioned already (cp. p. 6), the 
high prime cost of installing these expensive presses must militate 
agairfjt them. It has been ascertained in practice that the working 
expenses and the yield of oil of equal quality are almost identical in 
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installations of the older types and in mills having cage presses working 
under these extremely high pressures, whilst the initial outlay for 
these latter presses is from three to four times higher. Moreover, 
the oil produced ivader the higher pressure is mord turbid than oil 



Fig. 6.1 

I 

obtained in the older types of presses, and is more difficult to clarify. 
This is no doubt due to a larger amount of extractive substances having 
passed into the oil. 

Therefore the alleged advantages claimed for these presses have 
not been borne out, so far, in practice. 

^ The illustrations Fig.s. 2-0 have been engraved from drawings and photographs 
kindly lent by Me.ssrs. Greenwood and Batley, Leeds. 
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It should be noted that the figures given above for the pressures 
represent the pressures under the press piston, as read off the mano- 
meter. They by no means indicate the pressures on the cakes them- 
selves. As a general rule it may be accepted that the cakes are under 
a pressure of about two-thirds of that indicated by the manometer. 

The oil flowing down the sides of the press or through the staves 
or holes is caught in reservoirs placed below the level of the floor and 



^ Fig. (5. 

pumped into store tanks for settling, clarifying, and refining (see 
•below). 

fllthough the modern presses described above work economically, 
still the obvious drawback adheres to them that the work is not entirely 
continuous. This feature has induced, at an early period, several 
inventors to design continuously working presses, such as those of 
Bessemer and Haywood,^ MulleVy^ Bergreen} But not one of these 

1 EngRsh patent 1261, 1849. ^ German patents 26,343, 1883 ; and 35,781, 1889. 

® German patent 65,165, 1892. 
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presses has been able to maintain itself in practice owing to the high 
cost required for power, in conjunction with a very small output. 

Recently experiments were made in several European oil mills with 
an automatic pre^^ designed by V. D. Anderson} *In this press the 
seeds are in troduce(> through a hopper and carried forward, by njeans 
of screw blades, into a horizontal cage formed by metal staves. The 
spirally arranged blades do not set the mass in rotation, but subject the 
seeds to a force of torsion by contact with the mass in front of them. 
The expressed seed is driven on to the end of the horizontal cage, and as 
soon as a certain pressure is exceeded a portion of the expressed mass is 
discharged. This press works on cold seed only, and therefore the oil 
which is obtained is of very good quality.^ The press is especially 
recommended by the inventor for linseed, rape seed, and cotton seed. 
His claim that only 5 per cent of oil are left in the ejected mass has, 
however, not been borne out by experiments with which the author 
is acquainted. Thus, in the case of cotton seed, the pressed material 
still contained 7 per cent of oil, although the pressure amounted to 5 
tons per square inch, whereas the same material pressed in a hot press 
of the Anglo-American type yielded cakes retaining 4 per cent of oil 
only. The comparatively small output, the high cost for power, and 
the strongly corroding action which the compressed mass exerts on 
the metal constitute such serious drawbacks that it is very unlikely 
that this press will displace the above-described hydraulic presses. 
Even recent improvements embodying the application of much harder 
steel (such as high-class tool steel) have not materially assisted in 
bringing this press into more extended use. 

A press similar in design to the press constructed by Bergreen, in 
that it exhibits the same conical shape of the press chamber and the 
same general arrangement, has been patented by F. C. Caldwell} 
The press differs, however, from Bergreen^ s in that the screw blades, 
which in the latter’s press are arranged spirally on a vertical shaft, are 
replaced by spiral corrugations, or screw threads, which extend ap- 
proximately half-way around the solid vertical roller, whilst at the 
lower end the corrugations extend entirely around the roller. The 
walls of the pressure chamber are formed by staves (as in cage presses) 
permitting the passage of oil. The author has had no practical experi- 
ence with this press, which is stated by the inventor to be particularly 
applicable to cotton seed and linseed. ‘ 

F. J. Lauermann} claims an apparatus for the extraction of cotton 
seed and other oil seeds, consisting of a vertical jacketed cylinderv^ 
inside which a shaft provided with arms rotates. These arms are fitted 
with knives running parallel to the shaft, and almost touching the wall 
of the cylinder. There are also fixed knives inside the cylinder. S^he 
seed is crushed on passing through the cylinder. 

1 Cp. United States patents 960,143, 960,144. 

2 Cold -pressed linseed cake i.s^ liable to- evolve prussic acid (see “Linseed Oil,’’ 
Chap. XIV.), hence cold pre-ssed cake must not be used as cattle food. 

® English patent 8696, 1905. 

^ United States America patent 876,363 ; English patent 16,642, 1908. 
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Under this head may also be mentioned the attempts that have 
been made to use hydro-extractors in tlic ordinary routine of oil mill 
work. They are, however, entirely unsuitable for tMs pur{)ose. Ke- 
cently, experiment:? have been made both in Al^ner#*^ and California “ 
, to (Jxtiact, in the first instance, an edible oil from freslily ^citJieri'd 
olives by centrifuging the fruit. Nothing definite can, however, be 
•stated as' to the advantages alleged to have been obtained, and the 
reader must tlu'refore be refern^d to the original juiblications mentioju'd 
in the footnotes. 

Hydro-extractors can only be employed with advantage for sub- 
sidiary operations in the oil and fat industries, such as for separating 
the oil from the meal whi(‘h lias exuded through the cloth, or generally 
from by-products rich in oil. 

Cor the a])plica.tion of centrifugals^ to the recovery of fat fi'om 
milk, sec “ Butter Fat.” 


For a process of exti’actiim olive oil from the fruit by diffusion see 
“ Olive Oil.” 

The extraction of oils and fats in vacuo lias been patented by lb. S. 
f^Dnpson,^^ c]i. also “ Olive Oil.” 

Tiie analyti(‘a] control of this fecliniiail process confines itself chiefly 
t-o the determination of the jirojiort ion of oil or fat contained in the 
raw material -oleaginous seeds — and the det(u-mination of the oil left 
ill the expr(',ssed cakes. For these estimations, (piantities of not less 
than 100 gnus, should be used. 

The sam{)le is prejiared for analysis by disintegrating it carefully 
in a suitable manner, as by means of a cake-mill or coffee-grinder,^ and 
exjiausOng it with ether, or jietroleum ether, or carbon tetrachloride,^ 
using any of the (extracting a])})aratus dt'seribed (Vol. 1. Chap. IV.). 
The disintegration of the seeds reipiires great care, as otherwise con- 
siderable (piantities of oil or fat may remain in the meal. The breaking 
up of the cells which occlude the oil or fat is best assisted by grinding 
with ignited sand, which oilers the double advantage of breaking the 
cells more completely than is done by mere pounding in a mortar, and 
of presenting a large surface to the extracting solvent. In the case of 
seeds contaiiiAig large (piantities of oils and fats, it is advisable first to 
break up the mass roughly and to extract a jiortion only of the oil or 
fat, t^ien to triturate the jiartially extracted mass with sand and finally 
exhSiist completely. This specially applies to soya beans, copra, palm 

^ Cp. Diiga.sl, L’Jiidusfrie olhcole, I’ans, 1905. j). 78 ; French patent 397,203 
(Morel-Kcvoil) , Frcnich p.itent 411,493 (ISagols). 

“ (MJifornia Olive Oil , its Minntfactnre My (4. W. Shaw, College of Agric., Agr. 
Expt. Station, Bull. No. 158, Sacramento, p. 20. 

Especially those constructed by the Actiebolaget Soji.ai.ator, Htoekholin. 

•‘English patent 4661, 1910; French patent 141,970; United States patent 
i, 012, 572. 

With rgiard to errors caused by deviating from these directions cp. Jonrn. >%c. 
Che/ll. Tnd., 1895, 447. 

® Biltcryst, Bull, de V Assoc. BcUje.y 1897 (10), 406. 

VOL. II 
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kernels, and generally to all seeds containing more than 50 per cent of 
oil or fat. 

If ether, or ^carbon bisulphide, or chloroform bo employed, it is 
necessary to dry 'the material prior to extraction, fhoist seeds or cakes 
being apt to yield to the solvent non-fatty substances. Eth^ must ■ 
first be purified ; this is best done by washing with water, in order to 
remove any alcohol, then drying over calcium chloride, and distilling 
ofi ; finally the ether is distilled over metallic sodium, in order to free it 
from the last traces of water and alcohol. 

The drying of seeds or cakes containing drying oils, such as linseed 
and linseed cake, or even semi-drying oils, such as maize and soya oil, 
requires some care ; if the material has been dried at too high a tem- 
perature, or for too long a period, the drying oils refuse to pass readily 
into solution. This fact is clearly brought out by some experiments 
recorded in the following table due to Klopseh : ^ — 


Linsoed Cake. 

Oil. 

Per c(*nt 

Dried 3 hours at 94°-96° C. gave 

8-97 

Dried 6 hours at 100® C. gave . 

8 55 

Dried 12 hours at 94®-9C® C. gave 

7'H9 


If the cakes have been dried at too high a temperature, brown 
resinous extracts (containing oxidised acids) are obtained. An analysis 
can therefore only be looked upon as correct if the extract has the 
appearance of a clear oil. 

If petroleum ether or carbon tetrachloride ^ be used as a solvent, the 
drying of the material may be omitted. The petroleum ether must 
boil completely below 80*^ C. This solvent is specially suitable for the 
extraction of cakes containing drying oils ; moreover, it extracts much 
smaller quantities of non-fatty substances than ether does.^ 

Frequently the examination of the extracted oil is required ; this 
is done by the methods described in Vol. I. The microscopical examina- 
tion of the meal will frequently afiord valuable assistance.^ 

A largo number , of analyses of seeds and oil-cakes have been 
published by various observers.^ A record, or even a summary, of 
such analyses obviously falls outside the scope of this work. I will 
therefore quote only some analyses by Nbrdhnger ® as throwing light 
on the proportion of neutral oil to free fatty acids. 

^ Zcits.f. analyt. than., 1888, 

“ Cp, aiso Hanliiig and Nye [Joitni. hvL Eny. (Itevi., 191 2 (4), 898). 

^ Cp. also B. Hchnl/e, Landw, Veisuchsst,^ 191 1 (75), 185. ^ 

Cp. e.g. E. Collin, Annah’s de chimie aiudyfiguc, 1909, 266. 

® Cp. Koiiig, Die mf'nschUcheyi Na/nungs- mid (Jejn/sfmiitfrl. ^ 

“ Joiini, Soc. Vhem. Did,, 1890, 422. 


[Table 
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Seeds 

• 

100 pArta contain 

Free Fatty 

Free Fatty 
Acids. 

• 

ToUjJ^'at. 

Adds lii J uIaI 
Fat, 

% 

Rape (Bra^sica rapa) 

0-42 

8776 

Per cent. 
1-10 

Cabbage {Brnasica campestris) . 

0-32 

41-22 

077 

Poppy ( Papaver sommferum) . 

3-20 

46-90 

6-66 

Earthnut {Arachis hyjwgfea ) — 




(a) Seed 

1 91 

46-09 

4-16 

(b) Husks 

1-91 

4-48 

48-10 

Seeam^ {Sesamum orimiaU) 

2-21 

51-59 

4-59 

Castor [Ricinus coynmums) 

1*21 

46-82 

2-62 

Palm nut {Mmis guineensis) with 6 

419 

49-16 

8-53 

per cent husks 




Copra (Cocos nuc'^era) . 

[ 2-98 

67-40 

4*42 



Number of 
Samples. 

100 parts contain 

Free Fatty 

Cakes. 

Free Fatty 
Aoids 

Total Fat. 

Acids in Total 
Fat. 

Rape . 

6 

0-93 

8-81 

Psr cent. 
10-56 

Poppy seed . 

10 

5-66 

9-63 

58-89 

Earthnut (Arachis) 

20 

1-42 

7-65 

18-62 

Sesame 

15 

6-1.5 

15-44 

40-29 

Palm nut . 

38 

1-47 

10-39 

14-28 

Cocoa nut . 

5 

1-31 

13*11 

10-61 

Linseed 

2 

0*75 

8-81 

9-76 

Castor 

10 

1-27 

0*58 

20-07 


Tlie total fat was obtained by extraction witli petroleum ether, 
and the free fatty acids were titrated with standard alkali and calculated 
to oleic acid. 

The ratio of total fat to fatty acids is not necessarily the same in 
the cakes as in the expressed oils. Thus the “ first 'expre.Ssed ” oils 
(“ salad oils ”) contain far less free fatty acids than does the total fat in 
the seeds. Consequently more free fatty acids remain in the cakes. 
The oils from the second and third pressings are richer in free fatty 
acids, but a liwge portion thereof remains behind in the cakes. 

The following example will illustrate this : — 


100 Kg. of Poppy Seed yielded 

OU. 

Per cent. 

Oontalntog I'ree 
Fatty Acids. 
Per cent. 

f 

Extracted with solvents. . . 

46*9 

6-82 

Expressed— (rt) Salad oil . . 

39 0 

1-92 

(b) Commercial oil 

2-6 

15-87 

y — — 

Remaining in the cakes . . . 

6-4 

88 82 
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The occurrence of free fatty acids in cakes must })e ascribed to the 
action of enzymes em the oil retained in tlie cakes ; lienee Hiosc con- 
ditions whicJi favour their action, such as a somewliat elevated tempera- 
ture (between 30'^'and 40° C.), moisture, etc., will lend to the prodiuTiori 
of so notable an amount of free fatty acids in stored calces, tliat the 
cakes become unlit for feeding juirposes. Nor must the action of light 
be ignored. This is clearly brought out by an examination of palm 
kernel cakes maeb^ by Emwerhug.^ The following changi's were 
ascertained ; — 

Fk'o Fatly A( uls iii IdO ji.nlsol I’a! 

I II 111. 

Fresh cakes ..... M-.*].") 10 14 20 50 

Cakes stored two years in the daik . 20 44 40 (U 

„ ,, light . . 80 08 

Mofdds also leael to tbe formation of free fatty acids in I'akes, as 
they readily grow on (sikes stored in a damp condition, in the case of 
cakes containing drying oils, such as linseed calc(‘, a slow oxidation of 
the unsaturated fatty acids takes plac(‘, with the production of oxidised 
acids. Such cakes are known in the trade as cakes that have “ heated ” 
in vstorage or during a voyage. 

With regard to poisonous substances (such as sa])onins, cyanogenetii* 
alkaloids, etc.) occurring in cakes c]), Cha]). XlVx under tlu' headings 
of individual oils and fats, '‘Linseed Oil," “ Ra])c SihhI Oil," “(iistor 
Oil,” “ Mow rah Shea Butter,” “Seed Oil." It has lasai shown by 
Withers and Rny^ that the toxicity of cotton sei'd meal is not caused 
by pyrophosphoric acid. 

Attention should also be directed to the 1 ‘ecent jiractice of “ bleach- 
ing ” (“^ brightening ”) of meal by mi'ans of soda and hypoi hlorites. 

(3) Extraction of Oils (Did Fats hy Means of Volatile Fohrnis 

The cakes obtained in the foregoing ])roce.ss still contain consider- 
able proportions of oil, usually 10 per cent, and in the case of un- 
decorticated cotton seed cake 4-5 per cent. If it be desired to obtain 
larger quantities of oils and fats than can be produi'cd ('conoinically by 
expression, processes having for their object the extraction of the 
seeds by means of volatile solvents must be resorted to. ' 

The solvents employed on a large scale were up to recently almost 
exclusively carbon bisulphide and petroleum ether. Both soh.mnts 
suffer from the disadvantage of being readily inflammable. * 

Extraction of seeds by volatile solvents was first introduced in 1843, 
by Jesse Fisher of Birininghani, who manufactured carbon bAnlphide 
on a commercial scale. Fisher does not appear to have patented this 
process. Thirteen years later E. Deiss ^ of Brunswick patented the 
extraction of seeds by means of carbon bisulphide, and added “ chloro- 
form, ether, essences, benzine, and benzole ” to the list of solvents. 

^ Landw, Versuchsst., 1898, 56. “ Jmirn. Biol. IdIS, 53. 

^ English patent 390, 1866. 
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For several years afterwards this process made little advance, for the 
colour of the oils produced was hi^di, and the taste was sharp. The 
extracted oil retained sulphur, which showed itself diim^reeahly in the 
smell of tlic soa])S snade from it and in the hlacken'ing of substances 
with wiliich it was used. The meal left by the process was so tainted 
with carbon bisulphide, that it was alisolutely impossililo to use the 
•extracted meal as cattle food. With the improvement in the manu- 
facture of carbon Ihsnljihide ^ these drawbacks have been surmounted 
to a <>;reat extent, and the eupiloyment of carbon bisulpliide has s])ccially 
^oiined miicli (extension in the extraction of expressed olive marc in 
tlie Soutli (»f France, Italy, Spain, and Tunis. Fut even at jiresent 
traces of (-aiLon bisul])hide are retained by the extracted mass, so 
that it is impossible to feed cattle* with it. Carbon bisulphide is com- 
parativ(*ly chea]) ; cheaper than the commercial benzine used for 
extra(5tin<i^ fat. Jleinf( heavu'r than water, it otTers certain advantages 
in the stora,ue, as the* vapours can be readily prevTuted from comiii" 
in contact with an open tlame. Owiny to the physiological effect- this 
solvemt has on the workmen, and m consequence of the (iiemical 
aedion of inijiure carbon bisulphide on iron, which has fre(|uently led 
to conlla<eration, the employment of carbon Insulpiiide must remain 
restricted. 

Petroleum ether was first introduced by Ih'chanison, Lundy, and 
who ohtaiiK'd in 1803 a ] latent ^ for extracting oil from crushed 
seeds or from refuse cak(^ bv the solvent- action of volatile liydrocarbons 
from ])etroleum, earth oils, as])haltum oil, coal oil, or shale oil, such 
hydrocarbons being reipiired to be volatile und(*r 212° F.” The large 
((iiantities of low-boilmg hydrocarbons- naphtha — obtained from 
jietroleum at imxh'rate cost, as also improvements in the ajqiaratus 
originally employed, have brought this solvent in the forefront when 
extracting processes are considered. 

The commercial varictv of ])etroleum distillate for this pur})ose is 
usually a ])etroleum naphtlui, boiling between 110° and 120° C.,^ and 
having the spccitic gravity of 0 720 to 0-750. As the boiling ])oint- lies 
above that of water, it is possible to extract, eg., moist bones (for which 
up to recently petroleum benzine was employed exclusively), the vapours 
of the boiling naphtha carrying the water vapours with them. Not- 
withstanding the greater fire risks, naphtha is preferable to carbon 
bisul])hide, for the reasons given already, and for the further reason that 
it extracts smaller ([iiantities of resinous and gummy matters from the 
oil i^eds, and takes up less colouring matter than does carbon bisulpliide. 
Hence petroleum ether is used exidusively in the extraction of (linseed) 

^ Fo#thc iMiuiiifactiiK* of caihon UisulpliidL- by means of an electric furnace cp. E, 
R, Taylor, Afonifnrr scvntiJiqKe, 1909, 2(55. 

^ Eufj:li8li patent 231 5. 

^ Trotinau {Jonni. Soc. Chem. Jnd., 190(5, 1202) deinainls that “benzine” for 
“ degreasing ” should distil at 90“ to 100“ G., and should yield small amounts only below 
or above these limits. It ajipears to the author that this specification should onPv apply 
•to petroleum ether lor special pnrjioses, such as degieasing leather. For the extraction 
of bone fat ,^etrolenm other (of the boiling points given in the text) is mostly usctl, 
although it would certainly be advantageous to avoid as much as pos.sible hyilrooarbons 
boiling above 110“ C., as their removal is both dilllcult and expensive. 
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rape seed and castor seed. By the addition of formaldehyde to seed 
before extraction with petroleum ether the cake is rendered suitable 
for cattle food.^« This must be accepted with reserve. 

Ether has foifjtd no practical application, as itf is far too volatile, 
and hence far too dangerous. Moreover its cost is too high. Chloro- 
form, as also benzol and acetone, are far too expensive, besides offering 
other drawbacks which prevent their application on a practical scale. ^ 
During recent years efforts have been made to introduce ear bon 
tetrachloride on a large scale. This so lven t has a lower boiling point 
than the usually employed petroleum ether, and shares with carbon 
bisulfide the advantage of ITemg heavier tJian water. Its chief 
advantage, how'cvcr, is that it is non-inflammable, and from this point 
of view it iiiight be considered an ideal solvent. As further advantages 
are claimed : — Its low specific? heat, its low latent heat of evaporation, 
and its low boiling point as compared with naphtha. But these slight 
advantages are not a suOicient set-off against the high price of carbon 
tetrachloride, which is still too high notwithstanding considcj’able 
reductions that have been made during the last few yeai’S. For it must 
be borne in mind that in the extracting process by means of the solvents 
the volume of the solvent and not its weight must be considered. The 
specific gravity of carbon tetrachloride being 1-C32, as against about 
0*750 of petroleum naphtha, it follows that for tlio same volume of 
solvent more than twice the weight of carbon tetrachloride must be 
employed. Since the loss of solvent may be taken as amounting in each 
case to about 1 per cent of the weight employed, and since carbon 
tetrachloride costs about two to three times as much as petroleum 
ether, it follows that the actual loss, expressed in money value, must 
be much greater than in the case of petroleum ether. In view of the 
many conflicting statements as regards the cost of the carbon tetra- 
chloride process the following cahailation may be found useful (see 
table, p. 23) : — 

1000 kiloga. of potrolcnrn other require for heating from the ordinary 

temperature, say 15° C. to the mean boiling point, viz. 115° C., Culoiu's. 

1000 x 05 (115-15) = 60,000 

To vaporise 1000 kiloga. are required 1000x80 . . . - 80,000 

130,000 

1000 kiloga. of naphtha occupy a volume of 1333*33 Itr. ; hence 1000 

Itr. of petroleum ether require for vaporisation . . . 97,500 

To condense the vapours from ICKX) Itr. — on the assumption that^the 
cooling water enters the condenser at the temperature of 15° C. and 
leaves it with a temperature of 60° C., so that 1 Itr. of cooling water 
would absorb 45 calories, — therh would be required ~^^°®==2167 Itr. 
of cooling water. 

The same calculation carried out for carbon tetrachloride, using 
the constants given in the table below, shows that there are required, 

V, 

^ Hai burger Olwerke Brinckman and Mergell, German patent ajiplication H, 
67,783, 1912. 
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for vaporising 1000 Itr. of carbon tetrachloride, 97,151 calories, and 
2159 Itr. of cooling water for condensing the vapours. The difference 
in favour of carbon tetrachloride is far too small (even \i lower insurance 
premiums be taken, into account) to counterbalance the difference in 
the co^t of the amounts of solvents lost. As a further drawback must 
be reckoned the fact that carbon tetrachloride attacks iron and copper 
.very severely, especially in presence of moisture, so that suitable 
extraction apparatus must be load-lined or tinned. In the author’s 
opinion the carbon tetrachloride installations in use, including those 
made of ‘‘ homogeneously lead-lined ” metal, have not been worked 
long enough to demonstrate such durability as must be demanded of 
]iroper plant, for it is well known that lead does not satisfactorily 
withstand the corroding action of hydrochloric acid. In addition to 
the drawbacks enumerated, it must not be forgotten that carbon 
tetrachloride exer<uses on the workmen a physiological action similar 
to tliat of carbon bisulphide, and that its vapours are distinctly danger- 
ous to life.^ Nevertheless, several installations were erected in extract- 
ing works, notably in Marseilles, It was contended that the bone 
fat produced with the aid of carbon tetrachloride was of better 
quality than that obtained with the aid of petroleum ether. Samples 
which the author had occasion to examine bear this out, and the 
explanation would seem to be given by the fact that the extraction 
with carbon tet rachloride takes place at a lower temperature than is 
the case with benzine. The freshness of the bones employed in the 
preparation jof these samples, and their freedom from foreign substances, 
such as nails, etc,, may, however, have had a greater influence than the 
nature of the solvent. According to reliable information given to the 
author, the employment of carbon tetrachloride has been already 
abandoned in Marseilles. 

The choice would therefore ])ractically be between carbon bisulphide 
and petroleum ether. In order to enable the reader to carry out 
calculations such as have been given above, the following table is 
appended ; — 




Specific 



I^atent 


Vapour 


Chemical 

Formula. 

Gravity 
at 0‘ C. 
(Water 
4'«1.) 

Ihiiling 

I’oiut. 

Specific 

Heut. 

Heat of 
Evapora- 
tion. 

Vapour 

Density. 

Tension 

at 16* 0. 

Mill!- 



“C. 


Calories. 


metres. 

Cfrboii bi- 

cs, 

1-292 

46-0 

0-157 

79-9 

2-63 

250 

* sulphide 



0-5 

80 



Petroleum 

... 

0-750 

110-120 



etln^ 

Carbon tetra- 

CCh 

(at 15“ C ) 

1-632’ 

76-5 

0-21 

46-4 

6-8 

67*1 

chloride 









1 For the examination of carbon tetrachloride cp. L. G, Radcliffe, Journ. kSoc. Chem. 
Ind., 1909, 229. 

’ W, Herz and W. Ratlimann, Chem. Zeit,, 1912, 1417, express tlie variation of the 
specific gravity with the temperature by the following formula :—d= 1-6309 - 
0-0018943 1. * 
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In place of carbon tetraclilorido, cliloro-derivatives of ethane and 
etliylene ^ have ])een pre])ared on a lar^^c scale and are now obtainable 
in the Jiiarket, ,The following table eniinierates the several solvents, 
their boiling poiu^t^, and specific gravities : — , 


! ' 


-- 


1 

1 1 

1 

j specific 

Sjx’cilic 1 

Mcitiim^ 

lioilmg 


^ Giavity. 

Jlcat j 

rniiil 

I'oint ' C 

Dichloro-othylone,- (hHoCh 
Triclilor()-othylon(% CyiClj 

1-25 



55) ' 

1 47 ^ 

0 223 

- 73 

88 

Porchloro-cthylono, CM’li . 

f t'ot racliloi o-etliylono ) 
Tctiachloro-othario, (hUat'I.j'' . 

1 02^ 

0 210 

1!) 

121 

1 (K) ^ 

0 20s 

30 1 

147 

1 rontachloro-ctluine,'’ ( MKIj 

. ' 1-70^ 

0 200 

22 1 

159 ! 

1 llcxacliloro-cthane,*' (hCl^ . 

i . 




solid 


Of these solvents, trichloro-ethylene has been used in a niitnlxM' of 
works, as it is jiossible to work with tins solvent, in iron vi'ssels. It 
must, liowever, be ])ointed out that trichloro-ethylene attacks iron to 
such an extent that oils and fats obi aim'd with this solvent are dei'ply 
coloured by iron compounds. TIk'. attack on iron, how'cvc'r, is not so 
serious that iron apparatus could not be used foi’ “ otf-coloured ” 
products. 

An essential condition for the use of trichloro-ethylene is to reduce 
the percentage of moisture as much as ])ossible, as in the presence of 
moisture Jiydrochloric. ai'id is more readily formed. It should also be 
pointed out that trichloro-ethylene ])ossess(‘s strong narcotic powers. 

Tetrachloro-ethane and pentachloro-ethane are unsuitable solvents 


' With I'l'jitiird to ])r<»i) 0 >sals for tin' noniciiclaturf of tlicM) cliloi o-dci ivativcs (](. 
MarKOschc.s, (Ihnn. Zrtl., Itlld, 50'.), ol!) 

“ Cp. Cicrinan p.Ltciit 210,070 {< nnsm ! nun f. drli rodti'nnst he I nd}i:ii tc). 

^ A pia'paialion hoilii)^' fioii) 53-58’ (t. was icsolvod hy W. lici/ ami W. liatluiiaiiii 
{(*keni 1013, 022) into its two geoimdrical l,sOlm•tldo^, vi/. CVs-foiin and 'I’/ons- 

lonii, hy i(![)catud fiactional <listillation The two isoincudus liad tin* lollowing 
coustants : — 

ii-c-(d 11 -('-('1 

C/v- toriii II 7Vccs'-forin II 

II C-UI Cl-O-lf 



/s-(()l III 


in 


Spncitic 


Boiliiif^ iioint at 703 iniii. 


at 15 /1 '■ 1-2050 ! at 3571^,2321 * 

at 2574 " 1-2189 I at 4574 " 1,2153 |« 

48-8" C. j 59 -8" C. | 

I I 


W. Heiz and W Ratliniann {Clinn Zt’iL, 1912, 1117) (‘xjircss the variations ot 
the .speeilic gravity with the teinperatine 111 the rase of tnehlorethyleiie, tetiarlilorethy- 
lene, tetrucldoro-ethane, and peiitachloio-etliane res[)(>ctive]y liy tlie following foirnula’ : — 
d --r 1,49480 -0-001641 t; 0=1,61801 - 0-0010240 t; 0 = 1,0257 - 0-0015073 t; 
d = 1,7074 -0 0011492 t. Cp. also C/ieni. Zcit., 1913, 021. 

^ (tj). Gemiaii patent 185,374. **• 

« Kiigl^sli iiateiit 1105, 1912. 
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for fat extraction, because they easily ^ive off hydrochloric acid in 
contact with metals. Although the addition of oil of tur[)cntine, wJiich 
absorbs hydrochloric acid, is said to obviate the dci^i.j'uclive clTcct on 
iron, the suitability of these solvents on a largc,»scale must still be 
consiflered an open question, (juite apart from the feature that their 
high boiling points would render their 
employment uneconomical. 

The relative toxicity of some of the 
chlorodiydroc.arlions is given l)y K. B. 

Lehmann,^ the toxicity of carbon telra- 
chloride being taken as unity as follows : 

CCI4-I, (UII4 -1-6, a,HCl2-^l-7, 

~h7, CHC13-2-2, (UICI 5 ()-2. 

Liquid suI})huro}is acid has beiui 
claimed as a solvent liy W. Gnllo and N. 

Schroeder,'^ but it has not found a])])Iica- 
tion in tlie practic'e of oil and fat extrac- 
tion. It would seem that li([uid sul})Jiurous 
acid js mori', suitable for the jiurification of 
miuoral oils, as a])pli(?d in Eddeanun 
process.'^ 

Liquid carbonic acid has been claimed 
as a fat solvent by A. Bachs, but for 
obvious reasons this has not been found 
suitalile. 

With regard to acclone and its higlnu’ 
homologues, and to toluene, (g), Vol. III. 

Chap. XV 1. 

The ty})e of apparatus (un ployed on 
a large scale depends on the temperature 
at which the extraction is earned out. If 
the extraction is effected in the cold (a 
procedure which must be considered pre- 
ferable as regards fire risk in the (*ase of 
inflammable solvents), the seed is placed 
in a series of closed vessels through which 
the solvent percolates on the counter- 
current sy?;tem. The battery of vessels 
is so arranged that any one vessid can be 
nfade the last of the series, ready to dis- ' 

cliarge the extracted meal, and to be 

refilljjil with fresh meal, so that, with the excc])tion of the time required 
for discharging and recharging, the jirocess is a practically continuous 
one. The solution of extracted oil or fat in the solvent is then trans- 
ferred to a steam-heated still, where the solvent is driven off, and 
recovered by condensing the vapours in a cooling coil, to be used again 
and again. The traces of volatile solvents retained by the oil or fat 

^ tJhem. Zed. Rep., 1911, 449. ^ German patent 5360, 1889. 

^ German patent 216,459. * German patent 163,057, 1901. 
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are driven off by a current of open steam, which is blown through 
the oil or fat in the warm state. 

The extracting processes in the hot are carried out in apparatus the 
principle of whicli iaj^llustrated by Fig. 7. (It should Jbe noted that the 
condenser is not shown.) , 

More elaborate forms of apparatus employed on a large scale are 
designed on the principle involved in the Soxliht extractor. The 
extraction thus takes place uninterruptedly, with a limited amount 
of solvent charged once for all into the a])paratus. When the seed 
is deemed completely exliaiisted, the vessel containing the ' seed is 
disconnected by closing taps between tlie oil-containing vessel and the 
condenser, so that the volatile solvent can be immediately distilled 
off and condensed, whilst the meal is freed from the last traces of 
volatile solvent by open steam, and the seed-containing vessel is emptied 
and recliarged witli fresh seed. More compact still are extractors 
illustrated by tliat form of laboratory apparatus in whicli the meal- 
containing vessel is placed inside the flask charged with the solvent. 
Thus in some form of extractors a basket containing the crushed seed 
is placed on a support at some height above the bottom of the vessel ; 
in other forms the seed is placed in trays arranged one above the other. 
The vessel is then charged with the solvent, so that, on heating, the 
vapours of the solvent pass through and around the seed, whilst that 
portion which leaves the vessel in the form of vapour is condensed in 
a separate condenser, from which the liquefied solvent falls back again 
to percolate the seed. Finally, when the meal is exhausted, the solvent 
is driven off with the aid of steam (if permissible), condensed, and 
collected in a separate vessel. 

. Frequent attempts have been made to introduce a really con- 
tinuous process of extraction. On the principle of the counter-current 
system, the mass to be extracted is moved continually in a series of 
tubes or vessels through the solvent, so that at the one end of the 
apparatus the solvent charged with fat is run into the distilling 
apparatus, whereas at the other end of the battery the extracted meal is 
discharged into a vessel to be freed from the last traces of adhering 
solvent. Apparatus of this kind have been patented by Stevenson^^ 
E. Bataille,^^ G. Mitchell,^ J, E. Mills mid H. B. Battle^ (in the name 
of P. M. Justice), J. Eisenherger,^ E. Evans, ^ and many others. But, 
hitherto, none of these apparatus have met with extended uSe. 

Since apparatus of the type described here are illustrated in the 
catalogues and advertisements of engineering firms, no useful purpose 
can be served by reproducing them in this work. Nor does it appear 
necessary to enumerate the very large number of patents which have 
been taken out during the last twenty-four years. For fully illustTated 
abstracts of these patents the reader must be referred to the volumes 
of the Journal of the Society of Chemical Industry. 

Volatile solvents are used in practice for the extraction of seeds 

^ EngliHli patent 28,310, 1902. French patent 319,204. ^ 

* German patent 119,134. Engli.sh patent 1550, 1909. 

® German patent 232,370. ® English patent 24,111, 1910. 
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such as soya beaus, rape seed, castor seed, etc. They are also employed 
for extracting oil from damaged seed (sesame) which would not yield 
edible oil, and from damaged cakes and generally frctn cakes which are 
unfit for cattle food (olive pulp, etc.). Considerablif quantities of cocoa 
nut dil and palm kernel oil are prepared by extraction, where the oil is 
more valuable than the meal. 

The seed for treatment with volatile solvents is prepared in a similar 
manner as for pressing, except that the seed is not reduced to a fine 
meal, which would prevent the free })ercolation of the solvent through 
tiio mass. Since extracted oil can never be used for edible purposes 
(notwithstanding frequent statements by interested parties), the pre- 
liminary cleaning of the seed is not carried out as carefully as must be 
done in the case of seeds destined for the manufacture of edible oils and 
fats ; nor is the preliminary warming of the seed necessary, as the 
moisture contained in the seed does not offer a serious obstac‘le to 
thorough extraction. In the case of olive pulp, however, the removal 
of the bulk of water (by drying) is imperative. 

The removal of the solvent from the extracted seed offers difficulties, 
as the meal very tenaciously retains the solvent. If open steam be 
passed into the mass, to drive off the last traces of the solvent, the meal 
suffers loss in feeding value — provided such meal can be used as cattle 
food (see below). It is therefore preferable to dry the meal in special 
apparatus, similar to those used in breweries for breaking up and 
discharging the refuse, the seed being dried in shallow layers while it is 
being continually turned over by a mechanically actuated raking fork. 

In order to avoid drying, Bergman and Berliner'^ suggest 
displacement of the solvent^ by washing the extracted mass with 
acidulated water, or with dilute salt solutions. Whereas this process 
might be useful for substances like leather, etc., it is entirely unsuit- 
able for meal from oleaginous seeds. In a later patent Berliner^ 
suggests heating the oil- or fat-containing material with the same oil 
or fat until the water is driven off, as a preparatory operation to the 
extraction with volatile solvents. 

The extensive use of the extraction process in the treatment of olive 
residues and bones has been referred to above. Notable efforts have 
been made recently to extend the extracting process to waste products, 
such as residues from the preparation of whale oil, seal oil, and fish oil, 
also to the extraction of tamied leather, and of all kinds of fat-containing 
refuse, such as offal, garbage, greasy rags (cp. Vol. III. Chap. XVI.), 
t^d to the recovery of fat from fuller’s earth, used in filtering, etc. 

The fact that it is not necessary to dry the substances previous 
to th|ir extraction with petroleum ether has been made use of by several 
patentees. Thus, Kakezok^ first suggested the treatment of bones, 
without previously drying them, with benzine vapours to extract the 
fat, the condensed vapours of benzine and water being separated in a 
special vessel. Whereas in this case only small quantities of water are 

^ German patents 157,406 ; 157,407 ; 161,648. 

^ French patent 335,964. 

^ German patent 197,725 ; cp. also Zipser, Englisli patent 12,321, 1912. 

German patent 81,660, 
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present, tlie extraction of substances containing considerable amounts 
of water (such as fruits) with benzine, cliloroform, carbon tetrachloride, 
carbon bisulphide^ acetone, and ether is claimed by Nass-Exfraclion, 
(hm.b.ll.^ The paVntees distinctly exclude petroleum ether as offering 
sei'ious drawl)acks to this treatment. ' 

With regard to the merits and demerits of the last two hinds of 
proc(‘ss('.s descrilxid ex[)ression and <‘xtraction with the aid of solvents — 
the adoption of cither will largi'ly de])end on local factors and on the 
purpose foi‘ whi('h the resulting ])roducts are intended. 

It is obvious tliat extraction ])roccsses cannot be em])loycd for the 
])reparation of edible oils and fats, for however carefully the last traces 
of solviiiits may be lemoved, there is left sutruh'nt to imjiart to the oil 
or fat a nausianis tast(‘, r<m(l(‘ring it entirely unfit for consumption. 

Extracted oils and fats can, therefore, only be used for technical 
purposes. 

Extracted meal should also be considered unfit for (‘attle feeding, 
notwithstanding the many stati'inents of interested ])arties, viz. : that 
the meal is fit lor tins ])urpose, and ])oss(‘sses even a greater value than 
ex])r(',ssed cakes on account of its higher proportion of albuminoids and 
carbohydra,t(*s wliiui contaastial with jiress cakes. The oil or fat m an 
expressed cake has undoubtially a c(‘l•tain value from a stock-raising 
point of view, whilst, extracted meal to which is added so much oil or 
fat as to eipial the projiortion contained in the ])ressed cakes has not 
the same nourishing value. This holds good eviui il we leave out of 
account the contamination of the meal with the non-removable portion 
of the volatile solvent. In (Germany extracted meal, especially ra])e 
meal from good Indian seiul and )>alm kernel meal, is statvd to be largely 
used as food for cattle, m admixture with press cakes (manufacture 
of compound cakes). Hut against this must be se.t— and rightly set — 
the rule of the DeutsiTie LandwirtscJiaft (lesellschaft, not to buy any 
extracted meal which is looked upon as an adulterant if admixed with 
press-cake meal.“ It is stated that some ext racted meal is ])ut into cakes 
also m this country, but this jiractice must be condemned, and the bulk 
of the extracted meal finds its pi‘o])er use in manuring the land. 

Wherever the cake is the mam ])roduct, the process of expression 
will commend itself as the more advantageous one. With 
regard to those fruits and seeds, however, the fatty material of 
which forms the main product, as in the case of palm kernel oil and 
cocoa nut oil, the economical factor militates to a much smaller degriic 
against the extracting process, especially when it is possible to dispose 
of the extracted meal for feeding ])urposes. It may, however, be §dded 
that whilst cattle will take cakes containing extracted palm kernel oil, 
they will not eat extracted cocoa nut cake. 

In special cases, notably in the manufacture of olive oils (cp. Chap. 

^ German patent ]7lt4‘19, 1902. 

“ Under tlie naino “ Chiveland meal,” .solvent-extracted lin.seed meal imported 
from the United Htate.s. During the la.st few years, extracted soya bean meal has been 
otl'ered in tlie market as cattle food. 
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XIV. “ Olive Oil ”), a combination of tlie two processes commends 
itself. The combined method consists in exjn'cssin,^ most of the oil 
for edible purposes, etc., and then extractini^ the partially ex])ressed 
material with vohitile solvents, m order to recover the oil left in the 
pres.sj cakes. This laimbined -jiroce.ss is known on'the Confluent umh‘r 
the name mixed process ” (Innicnc nmfe). 

Whilst the pro(‘ess of ex])ression is free from danger, the process of 
extraction involves risks of tire if mllammable solviuits are used. Jhit 
even with noii-inllammable solvents there is a lisk of ('xjilosion thioiinli 
carelessness on the part of the ojierator. As ex])losions have actually 
occurred in practice throu<^h some siu'h cause, a watniuy note may not 
be superlluous. 

The entrance of air into the ve.ssels used for ext rac liny volatile 
solvents must also be yuarded ayainst-, as herein Ik's another source for 
explosion. 

A contrivance for introduciny the seed in the absence of air has 
been patented by the MaschiiH'iibauAh'si'llschafl Martini k Iluneke 
G.m.b.ll.i 

If, in the ])roccss of expression, the cakes an* finally reduced to meal, 
proper precaiutions must he taken to remove tin*- dust elliciently, as the 
meal dust forms with air a dany(‘rous mixtun* which can be brouyht to 
an explosion, as by a sjiark from an electric motor, I'tc.’^ 

Greater still is tln^ danyi'r attendiny tin* comnimufion of exti acted 
seed- meal. 


Commercial Preparation of Waxes 

The most important, waxes, from a commercial point of vii'W, are 
the li(iuid waxes s])erni oil and Arctic sjierm oil. These arc ])repared 
on a larye scale in the same manner as tlie animal oils (Chap. XIV.). 
In the case of sperm oil from tin* h(‘ad cavitu'S, the solid wax, spermaceti, 
is recovered by processes descnlicd below imth'r demai'yarmatiny.” 
With reyard to the solid waxes, fi-e(|U(*iit attmujits have been made to 
obtain wool grease, the raw matin lal for the manufacture of wool wax 
(lanoline), from raw wool by extractmy with volatile solvents. For 
this purpose methods dc'scrihed above, under process 3, have been 
employed, and the solvents actually used were carbon bisul])hide and 
petroleum Either. Recently also carbon tetrachloride has been recom- 
mended, but it does not apjiear to have been used on a larye scale. As 
tke wool fibre sulfers under the treatment with solvents, the extractiny 
process is used to a very limited extent only. (Cp. Vol. 1 11. Chap. XVI. 
“ Wool Grease.”) Most of the wool grease is obtained by scouring the 
wool* with soap or solutions of alkaline carbonates or both. This 
process may therefore be likened to the first process described under 
the heading, “ Commercial Preparation of Oils and Fats.” 

Although beeswax forms an important article of commerce, the 
preparation of the crude wax must be considered a kind of home industry 

• ’ GeniiJin patent. 232,614, 1910. 

Report by H.M. Inspector of Factories. Cd. 0223. 
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present, tlie extraction of substances containing considerable amounts 
of water (such as fruits) with benzine, cliloroform, carbon tetrachloride, 
carbon bisulphide^ acetone, and ether is claimed by Nass-Exfraclion, 
(hm.b.ll.^ The paVntees distinctly exclude petroleum ether as offering 
sei'ious drawl)acks to this treatment. ' 

With regard to the merits and demerits of the last two hinds of 
proc(‘ss('.s descrilxid ex[)ression and <‘xtraction with the aid of solvents — 
the adoption of cither will largi'ly de])end on local factors and on the 
purpose foi‘ whi('h the resulting ])roducts are intended. 

It is obvious tliat extraction ])roccsses cannot be em])loycd for the 
])reparation of edible oils and fats, for however carefully the last traces 
of solviiiits may be lemoved, there is left sutruh'nt to imjiart to the oil 
or fat a nausianis tast(‘, r<m(l(‘ring it entirely unfit for consumption. 

Extracted oils and fats can, therefore, only be used for technical 
purposes. 

Extracted meal should also be considered unfit for (‘attle feeding, 
notwithstanding the many stati'inents of interested ])arties, viz. : that 
the meal is fit lor tins ])urpose, and ])oss(‘sses even a greater value than 
ex])r(',ssed cakes on account of its higher proportion of albuminoids and 
carbohydra,t(*s wliiui contaastial with jiress cakes. The oil or fat m an 
expressed cake has undoubtially a c(‘l•tain value from a stock-raising 
point of view, whilst, extracted meal to which is added so much oil or 
fat as to eipial the projiortion contained in the ])ressed cakes has not 
the same nourishing value. This holds good eviui il we leave out of 
account the contamination of the meal with the non-removable portion 
of the volatile solvent. In (Germany extracted meal, especially ra])e 
meal from good Indian seiul and )>alm kernel meal, is statvd to be largely 
used as food for cattle, m admixture with press cakes (manufacture 
of compound cakes). Hut against this must be se.t— and rightly set — 
the rule of the DeutsiTie LandwirtscJiaft (lesellschaft, not to buy any 
extracted meal which is looked upon as an adulterant if admixed with 
press-cake meal.“ It is stated that some ext racted meal is ])ut into cakes 
also m this country, but this jiractice must be condemned, and the bulk 
of the extracted meal finds its pi‘o])er use in manuring the land. 

Wherever the cake is the mam ])roduct, the process of expression 
will commend itself as the more advantageous one. With 
regard to those fruits and seeds, however, the fatty material of 
which forms the main product, as in the case of palm kernel oil and 
cocoa nut oil, the economical factor militates to a much smaller degriic 
against the extracting process, especially when it is possible to dispose 
of the extracted meal for feeding ])urposes. It may, however, be §dded 
that whilst cattle will take cakes containing extracted palm kernel oil, 
they will not eat extracted cocoa nut cake. 

In special cases, notably in the manufacture of olive oils (cp. Chap. 

^ German patent ]7lt4‘19, 1902. 

“ Under tlie naino “ Chiveland meal,” .solvent-extracted lin.seed meal imported 
from the United Htate.s. During the la.st few years, extracted soya bean meal has been 
otl'ered in tlie market as cattle food. 
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the mucilaginous matter being much more insoluble at temperatures 
below zero than at the ordinary temperature. The application of 
artificial cooling for this purpose has been patented by Niegeniann.^ 
Cp. also T. BuchamrCs process ^ for rapidly heatiny and rapidly cooling 
linsetd oil. 

This method can obviously only be applied to those oils which 
remain liquid at temperatures below zero (Chap. XIV. “ Drying Oils ”). 
Olivo oil|dissolvo3 a small quantity of water at 20° C. which will separate 
at 15° C. and make the oil turbid. In other cases the mucilaginous 
substances are coagulated at temperatures near the boiling point of 
water and thus settle out more readily. Therefore, washing the oils 
and fats with boiling water usually leads to a considerable improvement 
in quality. Thus medicinal castor oil is refined by treatment with 
steam alone (see Chap. XIV. “ Castor Oil ”). 

In modern establishments the process of clarifying is much shortened 
by filtering the oils and fats through a filter press (or other kind of 
filter) at a suitable temperature, or brightening them by blowing with 
air.® In many cases these or similar methods sufiice for the production 
of commercial oils and fats. 

Free fatty acids, if present in the crude oils and fats, remain, of 
course, dissolved in the neutral glycerides. It is therefore evident 
that oils obtained by such simple methods of purification can only be 
used in those industries where the presence of free fatty acids ofi’ers 
no serious objection, such as in the candle-making and soap-making 
industries. In other industries exception must be taken to the presence 
of free fatty acids. Thus tallow and olive oil containing a high pro- 
portion of fi’ee fatty acids are unfit for lubricating purposes ; and rape 
oil containing a high percentage of free fatty acids is unsuitable as a 
burning oil. In sucli cases the free fatty acids must be removed by 
treatment with alkalies or alkaline earths. 

The highest grade of purity is demanded of products intended for 
edible purposes. In order to attain this object not only must tlic raw 
material (seed, fruit, animal tissue) be carefully selected, and worked 
up in as fresh a state as possible, but the process of rendering must be 
carried out with especial care. It has been shown above (Vol. I. Chap. 
I.) that contact of oils and fats with the organic matter from which 
they have been obtained (marc of fruit or animal tissues or other 
nitrogenous substances, such as casein) leads to accelerated formation 
of free fatty acids, which in their turn seem to dissolve foreign matters. 
Therefore not only rapidity in the treatment of fresh material but also 
the greatest cleanliness is required in the preparation of edible oils and 
fats. Exclusion of air so as to prevent deterioration through oxidation 
is of the greatest importance in the manufacture of readily oxidisable 
oils such as cod liver oil. But even more resistant oils, such as cotton 
seed oil, lard oil, etc., intended for edible purposes, should not be exposed 
to the air in thin layers at elevated temperatures. 

In order to remove colouring matters, edible oils and fats are filtered. 

German patent 163,056. ^ English patent 10,326, 1905. 

^ Cp. H. Barringer, English patent 22,401, 1909. 
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Formerly filter paper ^ (see p. 122) and cotton wool ^ were used, and are 
to some extent still used in small establishments. In modern works 
filtration over charcoal (n- over natural absorbent earths, such as fuller’s 
eartli,^ Florida eartjj,’^ ek*., is resorted to. Not all kinds of earth are 
suitable for this purpose. Dilferent kinds of eartli found in difV'rent 
parts of the world differ considerably in their action. Thus fuller’s 
earth mimul in England is preferable to Florida (uxrth, which, thouj^li 
extremely suitable for mineral oils, is friMpiently inoperative if a])pli(Kl 
to ve^rctable oils and fats. It is impossible to state general rules, for 
here also, as ]s so frequently the case in tlie oils and fats industries, the 
behaviour of each individual oil and fat must be studied specially as 
to the most suitable condition of the powdered earth, tlic best tempera- 
ture, and the length of treatment, all of which conditions exercise a 
considerable influence on the success of the blcacliing (refining) pro- 
cesses.^ 

With the exception of alkalies or alkaline earths foi* the removal 
of small quantities of free* fatty acids (and in the case of edible cotton 
seed oil for the simultaneous removal of the colouiing matter), wliich 
may be present in the crude oils and fats, no chemicals must be used in 
the purifying of edible oils and fats, and even this mild treatmeni with 
chemi(;als is avoided by some patentees (s(‘e Vol. III. Chap. XV. 

‘‘ Vegetable Butter ”). Notwithstanding the large number of jiatents 
which claim effective purification by means of chemicals, no chemically 
treated oil or fat can be looked uyion as a product lit for human con- 
sumption. Methods for the preparation of edible oils and fats, which 
will be described in Vol. III. Chap. XV., embrace, therefore, exclusively 
(if we except tlic treatment with alkalies or alkaline earths) physical 
methods — such as washing with hot water, filteiing over animal char 
or fuller’s earth,® etc.. Where required, it is preceded by a process of 
deodorisation (as in the case of edible cocoa nut oil) which consists in 
the purification by means of steam. (For further information, see Vol. 
III. Chap. XV. “ Edible Oils and Fats,” “ Vegetable Butter.”) 

The waxes being unfit for edible purposes, no such elaborate process 
of refining ^ is rc(|uired as in the case of edible oils and fats. 

^ A special filter paper for tiltering oils in works is supplied by C. SclileiclKT and 
Sclnill, lluren. 

Amnial wool as a filtering niediiini is jiateiited by Soc. Fiaiiyaise des Matiries 
Filtrantes (G. I'russon et Cie) in Freneli patent 412,077. • 

Foi an earth prepared from clayey schist cp. L. G, Hill, French patent 404,915. 
Aluniminm oxide is patented by Kichter, and Kichter and L. von Ortli in Fnglisli 
patent 20,050, 1010 ; the same proce.ss has been patenteil for the bleaching of waxes 
the same patentees in English patmit 20,049, 1910. Gp. also K. Schilling (German 
patents ‘280,251 and 230,252; French patents 419,784 and 419,785), who uses 
activated aluiniiiinm oxide obtained from aluminium amalgam. H 

^ Cp. also Macherski and Koper.ski, Englisli patent 22,942, 1905 ; French patent , 
377,700. 

® The recovery of oil from once used fuller’s earth has formed the subject of many 
patent specifications, of which only the most recent ones may he referred to, viz. : 

E. Noltoiiius, English patent 8245, 1909 ; French patent 401,517 ; Soc. Anon. 
Hnilerie et Savonnerie de Lurian, Frcneh patent 409,915 ; English patent 5009, 
1910 ; N. Sulzberger, United States patent 968,092 ; H. Hirzel, German patent 
230,260. 

Kainbara earth, Journ. hid. Ewj. Chem.y 1912, 891. 
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Nor do oils and fats destined for commercial purposes require such 
extreme care in refining as do the edible qualities. The removal of 
the free fatty acids, as also the improvement of the cqlour, if need be, 
by filtering over char ^ or fuller’s earth, is carried out in a similar manner 
to that described above with oils and fats intended to serve as burning 
• oils, paint oils, lubricating oils, etc. (sec Vol. III. Chap. XV.). Since 
the taste is not of paramount importance in judging the quality of 
'commercial oils and fats, bleaching by exposure to the air and sunlight 
can be resorted to. Methods of this kind are applied to linseed oil for 
artists’ purposes, as also to the bleaching of beeswax (see Chap. XIV. 
“ Beeswax ”). Marine animal oils also are thus bleached, but it should 
be noted that such oils undergo oxidation at the same time, for the 
soaps obtained from insolated marine animal oils are dark. 

Under this head also falls the process of bleaching oils by exposure 
to the Cooper Hewitt mercury lamp. Genthe ^ bleaches linseed oils in 
this manner for purposes of varnish manufacture (cp. p. 59) ; he also 
prepares ‘‘ boiled oil ” by exposing raw linseed oil to the ultra-violet 
light of an “ uviol ” lamp (cp. Vol. III. “ Boiled Oils ” and “ Oxidised 
Oils from Drying Oils ”). Eecently vegetable oils, stated to have 
been bleached by exposure to ultra-violet rays, have been placed on the 
market under the name of “ Uviol oils ” ; no published information 
as to these oils is available. 

Crude oils and fats, as also those beeswaxes which are more or less 
deeply coloured, require more elaborate processes of refining, and in 
most cases a treatment with chemicals is resorted to in the first instance. 

The greatest possible stress must be laid on the fact that there is 
no universal method of refining which is applicable to every and any 
oil, fat, or wax. 

In many cases ])urification by means of sulphuric acid, invented 
and patented by Charles Gower in 1792 (and frequently ascribed to 
Thenard) is still usefully employed, as in the refining of linseed and 
rape oils. The method consists in treating the oil or fat with a small 
percentage of more or less concentrated sulphuric acid — according to 
the nature of the oil or fat. The acid not only takes up water, but acts 
on the suspended impurities, carbonising them to some extent, thus 
causing them to coagulate and separate out in the form of a flocculent 
mass, which falls down and carries with it mechanically other impurities 
which have nqt been acted upon. 

Another general method, viz. : the purification by means of strong 
causf,ic soda, has been recommended by Louis C, Arthur Barreswil at 
the ibeginning of the last century, his suggestion being to heat the oil 
or fat and add 2-3 per cent of a concentrated caustic soda solution. In 
most casts the purification consisted merely in the removal of the free 
fatty acids present, the caustic soda forming with the free fatty acids ^ 
soap which either rises as a scum and lifts up with it impurities, or falls 
down to the bottom and carries down imparities. As a rule, however, 

^ Hence F. M. Berlxirich (German patent 246,957) patents a method ojf refining with 
very dilute solutions of alkali. , 

^ German patents 195,663, 223,419. 
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this method is a very precarious one, as emulsions are formed which 
in many cases altogether prevent the separation of the oil (see Vol. HI. 
Chap. XV.). After the treatment with acid or alkali the oils or fats 
are washed with water to remove the last traces of chemicals, and are 
then further treatSd by the physical methods described above. ^ 

The number of chemical processes which have been prhposM from . 
time to time for the last 120 years, and which are still being copied and 
perpetuated from old text-books, is almost legion. So long as the* 
chemical nature of oils and fats was little understood, a secret trade 
in oil-purifying chemicals flourished. It has not yet died out com- ^ 
pletely ; nor has the number of patent specifications claim'ing the 
most extravagant results decreased considerably. But our present 
knowledge enables us to remove most of these chemicals into the limbo 
of useless things. Too much stress cannot be laid on the necessity of 
regarding the bleaching of each individual oil or fat as a problem sui 
generis, and of recognising that the processes ado-jfted on a manufacturing 
scale must vary greatly with the nature of each individual oil or fat. 

In this chapter it is only intended to give a general survey of this subject 
on the broadest possible outlines. For the processes applied in practice 
the reader must be referred to the individual oils, fats, and waxes 
enumerated in Chapter XIV., as also to Vol. III. Chapters XV. and 
XVI. It must therefore suffice here to glance very briefly at the 
chemical methods employed on a large scale. 

Bleaching by the aid of chemicals requires great circumspqption, 
the object of bleaching being merely to remove or destroy foreign 
substances, which impart an objectionable colour, or other undesirable 
properties, to an oil or fat. The chief attention of the operator must 
therefore be directed to treating the raw material in such a manner that 
the fatty matter itself is not acted upon. For this purpose the amount 
of chemicals must be limited to the smallest possible quantity, the 
temperature at which they are allowed to act must be as low as possible, 
and the time of interaction must be as short as possible. 

General methods of bleaching, the applications of which will be , 
described under the headings of those individual oils and fats for which 
they are most suitable, are : (1) bleaching by means of oxygen ; (2) 
bleaching by means of chlorine. 

The methods of bleaching by oxygen include all those which aim 
at the bleaching by exposure to the air and to sunlight (see above), 
and where oxygen or ozone is introduced in the form of a gas, or is 
evolved by chemicals, and in some cases assisted by the action of Jight 
(ultra-violet light, cp. “ Linseed Oil,” p. 45). Under the head of oione 
would also fall those processes where ozone is generated by electrical 
methods, as in de Hemptinne's process (see Chap. XV. “ Fieb Oil ”). 
pleaching by means of oxygen gas or ozone is still too uncertain a 
process to be used widely on a large scale, although it is practised with 

' Processes for removing free Mty acids by means of alcoholic potash were patented 
by Urbain and Feige, FrencTi patent 381,966 ; by P. H. Klein, French patent 848,010 ; 
and E. Jaeschke patents in Gernmn patent 254,024 a process for removing the fatty 
acids by treating oils and fats with an alkaline solution of sugar, containiijg the requisite 
amount of alkali for complete saturation of the’free fatty acids. 
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success in some special instances. Bleaching by oxygen in statu nascendi 
is chiefly effected by employing manganese dioxide or potassium bi- 
chromate (less frequently permanganate), and sulphuric acid. 

The chemical reactions involved are expressed by the following 

three equations : — * 

« 

(1) MnOj -i- SO4H2 . S04Mn+H20 1-0; 

(2) Cr207K2 fr)S04H2 28 O 4 KH+ 4 H 2 O | 30 ; 

(3) MnaOgKaf 4S04Ha -2S04Mn-l 2 SO 4 KH [- 3 H 2 O-! 50. 


• Hydrogen peroxide, sodium peroxide,^ calcium peroxide, barium 
peroxide (see Chap. XIV. “ Bone Fat”), as also persalts^ (perborates, 
persulphates,^ percarbonates of sodium or potassium), organic peroxides 
(benzoyl peroxide,"* acetyl peroxide, acetone peroxide) have been 
recommended (under fancy' names) as effective bleaching agents, but 
no definite statement can be made as to their usefulness or superiority 
over the reagents named above. 

(2) In the processes of bleaching by means of chlorine, bleaching 
powder, chloride of lime, or potassium bichromate (less frequently 
permanganate) and hydrochloric acid are used. The following three 
equations represent the chemical reactions involved : — 

(4) Ca(C10)a+4HCl -CaCb-f 21120+401 ; 

(5) CraO^Kj+UHCl - Cr2Ch+2KCl-|-7H20+(>Cl ; 

(6) MnjOgKa+ieHCl -2MnCl2+2KCI+8H20 l-10(;i. 

Recently a number of rediu'ing agents, such as sulphites^ and' 
hydrosulphitcs,^ have been placed on the market (under fancy names), 
and are recommended as effective bleaching agents for oils and fats. 
Tu this class belong “ formaldehyde-hydrosulphites,” “ sulphoxylates,” ^ 
and “ formaldehyde-sulphoxylate,” ® of sodium, zinc, etc., also “ Hyral- 
dite,” a stable compound consisting of a combination of sodium 
hydrosulphite and ammonia. 

It may be repeated that no general rule can bo laid down as to 
which process should be employed in each given case, although it may 
be stated that tallow ^ best bleached by means of manganese dioxide, 
and palm oil by means of bichromate and hydrochloric acid. 

The object of bleaching is not only to remove colouring matters 
for the time being, but to remove them so efficiently that the colour, 

^ Cp. L. Vainno, Nairiumperotyd, ilartlelx-ii, Vienna, 1907 ; Foregger and 
Philipp, Jonrn. Soc, (Jhem. Jtid., 190(5, 298. 

2 'Yreinigte Cheinische Werke, French patoni 377,720 ; 378,515 ; German patent 
200,»84. 

® Idem , German patent 205,067. 

Idem., German patent 214,937. 

° For llbofatory experiments regarding the action of sulphur dioxide upon oils and 
their fatty acids cp. S. A. Hird and L. L. Lloyd, Journ, Soc. Uiem. Ind., 1912, 317. 

^ Cp. K. Jellinek, Gruyidzdgcder phy-nkalisrhenChemiedes Ifydrosulfitsim Vergleich 
zu analogen Schwefehmerstoffverbindnngen. Stuttgart, F. Enke, 1911. 

Metz and Clarkson, English patent 11,983, 1906 ; Badische Anilm uud Sodafahrik, 
French patents 431,294, 410,824 ; English patents 16,260, 1909 ; 12,157, 1911 ; 22,463, 
1911 ; 3433, 1912 ; German patent, 224,394 ; Chendsche Fabnk Gnesheim Electron, 
English patent 21,359, 1911. 

* Chem. F^). von Ileyden, German patent 214,043. 
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cr even a dark shade, does not “ revert ” some time after the fat or oi 
has been bleached. Patents claiming to effect this object appea: 
annually in gre^t numbers, and disappear again when experience hai 
shown that the colouring matter does “ revert,” to a larger or smallei 
extent, after the material has, e.g., been converted into soap. Ont 
of the simplest and most frequently practised processes, that o; 
bleaching tallow, does not lead to soaps having as good a colour ai 
these made from freshly rendered tallow. Therefore, not only musi 
each kind of oil or fat be considered a special problem, but frequentl} 
different varieties of one and tlie same oil or fat are apt to cause the 
same difficulties as would a new individual. 

In conclusion it may again be emphasised that, in the absence o: 
careful experiments, it is impossible to state which method of bleaching 
will be successful in each given (;ase. There is a wide field open for th( 
application of proper processes for the removal of impurities and colour 
ing matters, without running the risk of attacking the glycerides them- 
selves. Even in the case of the more resistant waxes great circum- 
spection is required, as is (;videnced f)y the different properties oj 
beeswaxes bleached by different processes. (See Oiiap. XJV. “ Bees- 
wax.”) 


Demapgarinating Oils and Liquid Waxes. Separation into 
“ Stearine ” and “ Oleine ” 

Solid glycerides and solid waxes sejiaratc out from some oils and 
liquid waxes on standing. The dejiosited glycerides are commercially 
known under the name of “ stearine,” or ” margarine ” (“ cotton seed 
stearine,” ” margarine (Varachide ”). In some cases this deposit i& 
objectionable, especially so in th(‘ case of edible oils intended for tabic 
use. An important part in the sequence of the refining operations of 
sucdi oils is therefore played by processes aiming at the removal of the 
solid portions. The simplest demargarinating process, which is still 
being used to some extent, consists in storing the oils in capacious 
vessels in a cool place, when the solid glycerides or waxes, as the case 
may be, separate out as a deposit, so that the clear limpid oils can be 
drawn off from the upper parts of the vessels. 

If the solid glycerides separate out in a crystalline ft^rm, this slow 
and cumbersome process can be shortened by cooling the oils artificially. 
A definite temperature must be carefully maintained for each individual 
oil. The liquid portion is then filtered off ; when the whole has solidified 
to a magma, the oil is pressed in a hydraulic press. In other cases 
where the solid glycerides separate out in a gelatinous form, anii^ filtering 
or pressing is unavailable (see Vol. II. Chap. XIV. “ Arachis Oil ”), the 
old process of sedimentation must be resorted to. (Cp. also Vol. II. 
Chap. XIV. “Cod Liver Oil,” “Lard Oil,” “Sperm Oil and Sperma- 
ceti ” ; Vol. III. “ Edible Cotton Seed Oil.”) 

The limpid oils which remain proof against cold are termed “ winter 
oils.” Most of the olive oils are non-congealing oils ; some Tunisian 
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and Algerian olive oils deposit, however, so much stearine that they 
must be “ demargarinated ” before being placed on tVe market. For 
the latter purpose,, centrifugals ^ have been prop<jsed, but nothing 
definite can bo stated as to their success. It appears to the author 
rather doubtful whether proper demargarination can thus be effected. 

In a wider sense, the^^erm “ demargarinating ” includes also those 
processes in which fats which ai-e solid at the ordinary temperature 
are resolved into two portions of different consistence, generally termed 
“ stearine ” and “ oleine.” As examples may be given the preparation 
of oleomargarine and tallow oil from tallow, of lard oil from lard (see 
Vol. 111. Chap. XV.), and tlie se})aration of oleic acid from stearh* acid. 


Preserving Oils and Fats 

It has been pointed out in the first cha})ter that oils and fats, if 
carefully protected from access of light, air, and moisture, retain th(‘ii‘ 
state of neutrality indelinitely, and in (‘onfirniation the fact was adduced 
that fats buried with the niummii^s in Egyptian tombs had remained 
neutral for several tlioiisand yeai's. 

In practice it is, of (murse, impossible rigidly to exclude contact 
with air during liandling, and it is a matter of daily experience, most 
noticeable in the case of edible oils and fats, that in course of time, 
sooner or later, according to the conditions observed in keeping, tliey 
turn rancid. 

The cause of rancidity has been traced, in the first instance, to 
initial hydrolysis (see Vol. I. Chap. I.), which is accelerated in the case of 
unrefined oils and fats by the presence of enzymes. In the preparation 
of the majority of (‘-ornmercially ])re})ared oils and fats, the enzymes 
may be considered as having been destroyed, owing to the elevated 
temperature employed in the refining operations. Where, however, 
large quantities are prepared merely by rendering at low temperatures 
(premier jus, lard), the temperature may not be sufficiently high through- 
out the whole mass to destroy the enzymes completely, so that there may 
remain intact a quantity of enzymes sufficient to cause hydrolysis and 
subsequently rancidity. 

Where the,possibility of accelerated hydrolysis due to the presence of 
enzymes is excluded, a small amount of moisture is sufficient, under 
favoju'able conditions (the most important of wliich is a somewhat 
high temperature), to cause hydrolysis and rancidity which follows 
in its wake. It is therefore obvious that it is not only necessary to 
employ Ihe greatest care in refining, but that it is essential for tlie 
preservation of the refined product to exclude as far as possible the 
presence of moisture. Since, however, even properly filtered fats 
retain water up to one-half per cent, without revealing its presence 
by a turbid appearance, oils and fats should be stored at as low a 
temperature as possible. 

In the c%se of edible oils and fats (which demand the greatest care 

^ E. Bertainchaml, DSmargarinatio'n des huiles dt la region de i^ax, TiiiiiH, 1903. 
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and most scrupulous cleanliness both as regards preparation and 
packing of the finished article, etc.), cold storage is resorted to as the 
most effective ancj most reliable method of preservation. 

The low temperature not only arrests the natural process o^ hydro- 
lysis but inhibits also the injurious action of air on free fatty acids that ’ 
may be present. No chemical need be used a preservative for pure, 
oils and fats. Infact, they in their turn are largely used as preservatives 
for perishable food-stuffs, since oils and fats do not afford a substratum 
for the growth of micro-organisms (cp. Vol. L Chap. 1.^). If, however, 
suitable nutriment is provided, together with the glycerides, as happens 
in the case of butter and margarine, then in addition to all those causes 
whicli favour the setting in of rancidity, the micro-organisms exert 
their deleterious influence on the albuminoids contained in butter and 
margarine. In tliese cases preservatives are not only used largely but 
are necessary.^ The most commonly used and entirely unobjection- 
able preservative is salt. The (piantity of salt usually added to butter 
is sufficient to preserve it for some little time, which for practical pur- 
poses is sufficiently long. But in consequence of the demand for 
unsalted butter, and further, owing to the development of the enormous 
shipping trade in butter from oversea countries — necessitated by the 
insufficiency of supply from local sources — the employment of other, 
more powerfully acting preservatives has become almost universal, and 
has therefore been permitted by law. Foremost amongst these is 
boric acid. Of course, preservatives of a distinctly poisonous nature, 
such as sodium fluoride and formaldehyde, are forbidden. With regard 
to other preservatives, see Chap. XIV. “ Butter.'’ 

Of minor importance is the preservation of fats by means of such 
substances as cinnamic acid ^ and gum benzoin. The latter is chiefly 
used in the pharmaceutical practice to preserve lard. 


Denaturing Oils and Fats 

In those countries where differential custom duties are levied on 
oils and fats according as to whether they are used for edible purposes 
or commercial purposes, oils and fats serving for the latter purposes 
must be “ denatured.” Thus in Australia edible rape oil must be 
‘‘ denatured ” with blown rape oil and birch tar oil. ' In Germany 
edible cotton seed oil must bo “ denatured ” with rosemary oil. 

“ Denatured ” oils and fats after having passed the custom-heuse 
cannot be considered as adulterated. In their examination, due regard 
must be had to the presence of those denaturing agents whic];| the law 
prescribes. 

^ For a const'rviiig mixture consisting chiefly of oils ami fats cj). S. Fenger, English 
patent 13,382, 1907 ; cp. aLo X. Roeques. 

In some countries butter and margarine are preserved liy melting them, so that 
separation into two layers take.s place, and tlie supernatent milk fat or mixture of fats 
can be drawn off (see “Ghi Butter,*’ Chap. XIV. ; “Butter” and “Schmeltrinargarine,” 
Vol. III. Chap. XV. “Margarine”). This method is, of course, taiftamount to a 
process of removing albmniiKfids and carbohydrates. 

* Cp. French nateiit Sn.071. P. A. Snarro. * 
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In this chapter only those oils, fats, and waxes have been considered 
which are obtained from sound raw material as the main product, or 
at least as a very important by-product, and thus form the staple 
products of the oil and fat industries. Oils, fats, and waxes obtained 
as waste products (by-products), and the mode of working up these 
materials will be treated of in a separate chapter (Vol. TIL Chap. XVL, 
and also under Bone Fat,” Vol. 111. Chap. XV.). 



CHAPTER XIV 

TECHNOLOGY OF THE NATURAL OILS, FATS, AND WAXES ; 
METHODS OF PREPARING, REFINING, EXAMINING 
THEM, AND DETECTING ADULTERATIONS 

In this chapter the individual natural oils, fats, and waxes are arranged 
according to the classification outliju'd in Chapter 1. In the first 
instance, the source and the mode of preparation will he given, and the 
methods of refining will be considered, wherever this is carried out on a 
large scale. Next, the chemical composition will be discussed, as far as 
it is known. I append in each case tables of the physical and chemical 
characteristics, as re(;orded by difl'erent observers, and I further add 
the variations — within narrow limits— of these (haracteristics, wherever 
these variations are due to difference of source, climate, soil, mode of 
preparation, race or breed of animal, mode of feeding, and, finally, 
age of the sample. Thus this chapter furnishes in a handy form that 
information which is obtained by applying the methods described in 
Vol. L Chaps. V.-XI. 

It is hoped that by first scanning the tables the analyst will have 
placed before him a ready means of identifying any unknown oil or 
fat which he may have to examine. In each case a discussion of those 
factors will foUow which influence the chemical composition. Next, 
those adulterants will be considered that are most likely to be met 
with. Methods of testing for adulteration and determinmg its amount 
will also be fully described. It should be mentioned that I have 
examined in the course of many years most of the products described 
•below ; especially those that are of great commercial importance, 
although I did not consider it necessary to record my name in gach 
case amongst the observers. It should, however, be pointed out that 
the colour reactions to which, in former years, so much importance 
has been assigned, have been especially examined by me. « In the 
course of these investigations most of the colour tests have been found 
useless, and have therefore been omitted in this treatise. 

The order in which the natural oils, fats, and waxes are enumerated 
in the subsections is determined by the magnitude of the iodine value. 
I have frequently ascertained the iodine values merely for the sake of 
fixing the order which individual oils or fats should follow^ I have, 
however, not considered it advisable slavishly to follow this principle ; 

40 
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hence such oils and fats as are undoubtedly related to one another are 
placed together irrespective of differences in their iodii^e values. 

It should further be pointed out that I have cj^efully scrutinised 
the numerical values given in the tables. Older numbers which are 
obviously wrong, or have been obtained by incorrect methods, have 
been omitted, and only the most reliable numbers have been tabulated. 

The technical uses and applications of the natural oils, fats, and 
waxes are explained fully, and statistical data have been added when- 
ever ascertainable, the reliability of the sources of the commercial 
information being considered of supreme importance. The changes 
which the oils and fats undergo in the oils and fats industries are in- 
dicated and references are given to Vol. III., in which manufactured 
products are considered. 

Thus an attempt has been made to furnish in this cliapter, in as 
concise a form as possible, a complete series of monographs of all 
known natural oils, fats, and waxes. 

The Fi'cnch, German, and also Italian names of each individual 
natural oil, fat, and wax have been added. 
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A. OILS AND FATS. GLYCERIDES 

I. OILS OR LIQUID FATS 

1. VEGETABLE OILS 
(1) Drying Oils 

The drying oils are characterised by the property of absorbings 
oxygen from the atmosphere, and drying to an elastic skin when exposed 
to the air in a thin layer. It has been pointed out already (Vol. 1. 
Chap. VII.) that the drying power stands m direct proportion to the 
magnitude of the iodine value, so that the best drying oils are those 
whicli absorb the greatest amount of iodine. 

Considered chemically, the vegetable drying oils are characterised 
by glycerides of fatty acids belonging to the linolenic and linolic groups, 
oleic acid forming only a small proportion of the liquid fatty acids. 
Hence the drying oils do not give the elaidin reaction (see Vol. L Chap. 
VII.). Glycerides of saturated acids are present in small proportions 
only. 

As regards drying power, the oils enumerated below exhibit a slow 
gradation, from the best drying oils down to those standing at the end 
of the class, the properties of which approach more or less those of the 
semi-drying oils. In the best drying oils, linolenic acid forms a con- 
siderable proportion of the liquid fatty acids. The readiest means 
of ascertaining the amount of the linolenic acids is afforded by the 
bromide test (see Vol. I. Chap. VIII.). 


PERILLA OIL 

French — Fluile de 'perilla. German — Perilladl, Ohumibl, 

Italian — Olio di 'perilla. 

Perilla oil is obtained from the seeds of Perilla ocimoides. L. 
(Japanese : Ye goma, Ye no-ahura), an annual labiate indigenous to the 
south-east of Asia, i.e. China, Japan, and the northern parts of India — 
where it is cultivated extensively for the sake of its oleaginous seed. 
The plant cultivated in southern Manchuria ^ is most bkely identical 
"with Perilla ocimoides, L. {Perilla heteromorpha, Carr). It is sown in 
April, blossoms about the end of September, and ripens two ^eeks later. 


A. Hosie^ Manchuria, Methuen and Co., 1901. 
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Perilla arguta, Beiith (Japanese : Sissoo or Jakosju), and Perilla 
nankinensis, Decne,^ are indigenous to Japan and C]jina ; the former 
is, cultivated in Jfipan as an oleaginous plant. J^erilla nankinensis, 
Dqcjxg, {O cimum crispuin, Thunberg), is indigenous in Nankin, but is 
also largely found in East India. ^ The fatty oil of the two last-named 
perilla species has not yet been examined. 

Up to two or three years ago perilla oil (Japanese : Ye no~abura) 
was practically unknown in Europe ; but the exceedingly high price 
of linseed oil obtaining during these latter years directed attention to 
perilla oil, which, on account of its high iodine value, was predestined 
to serve as a substitute of linseed oil. Hence notable quantities of 
perilla oil were imported into Europe, and attempts were even made 
to grow the plant in the United States (Ohio). These experiments 
have been abandoned already in consequence of the unsatisfactory 
nature of the cakes. Japanese cakes liave also been offered on the 
Continent as “ Susza-cakes ” ; they have a peculiar aromatic^ smell 
and taste. Bredemaan ^ gives the following analysis — 


l*fi cent. 


Oil 

8-34 

Water 

9'(i 

Ash 

8-70 

Sand 

2-5() 

Proteins . 

37 05 

Crude fibre 

■ 17-76 

Silica 

0-25 


The proportion of oil in the seeds is stated to be JD’S per cent (llhjt*?) ; 
45 per cent {Oh. P. Fox ^). 

This oil has the highest iodine value of any known fatty oil, and 
simulates linseed oil in taste and smell. Contrary to expectation, its 
drying power is inferior to that of linseed oil, although it absorbs up 
to 20-9 ( Wijs 4) to 25‘9 (Rosenthal 5) per cent of oxygen. The inferiority 
in drying is due to the curious property of the oil of forming drops 
when spread on a surface ; in recently imported perilla oils the author 
could not observe this property to such a pronouncgd degree, although, 
in sojne cases, the oil runs together in streaks. By heating to 250° C. 
the oil beconles much paler, and then behaves like a good drying ‘ boiled 
oil.” No doubt polymerisation takes place on heating. 

•The mixed fatty acids of perilla oil consist of linolenic, iso-linolenic, 
linolic, oleic, palmitic, and stearic acids, according to examinations 
made bj K. Kimura and T. Kametaka (Journ, Tokyo Chem. Soc., 1906 ^). 

1 The ethereal oil of Perilla nankiwnsis ha-s been exaiiuned recently by F. W. 
Semniler and B. Zaar, Berichte, 1911, 62, 460, 815. 

2 For a desciiption of the seeds, etc., cp. (4. Bredeniann, “ Uber Presskuchcn der 
Perilla.saat ” {Laruiw. Versuchsst., 1912, 349). Cp. also F. lioncauip, M. Reich, and 
H. Zimmermann, Landw. Versuchsst.^ 1912 (78), 321. 

5 Joum, hid. Eng. Chem., 1912 (4), 229. 

Zeita. f. Unters d. Nahrgs- u. Qennssm., 1903, 492. 

6 Earben. Zeit., 1912 (17), 789. , . ' 

® Private communication by M. Tsujimoto. 
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^ The melting point ls given at 172-174^ C. As the ;>ame sample is stated to have yielded 54'1 percent of hexabronuuated gl}cerides, 
the figure given in the^a'^le must be accepted ivith leserve. 
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In view of some discrepancies shown in the figures given in the 
tables of “ Physical and Chemical Characteristics,” the following 
determinations, due to M. Tsujnnoto,^ will be found useful : — 


Cold -drawn oils, 
# prepared in thc! 
Laboratory 


Commercial oils 


Seeds from 

('oloill 
of Seed 

Si)PCiflc 

Kra\ity 

15 y C. 

(WJltoi Hi 

Acid 

Valm- 

Saponili- 

catioii 

Value. 

ludme 

Value. 

Refi-ac- 

tive 

Index at 
ir/C 

Hokkaido, harvested 







m um 

})la(!k 

0 9342 

1-31 

193-48 

1 90-45 

1 4830 


white 

0 9343 

0-81 

193-35 

195-72 

1-4837 

„ 1904 

black 

0 9345 

0-98 

193 47 

197-14 

1-4830 

o ,, 

white 

0-9342 

2 79 

193-88 

190-75 

1-4835 

Aornoii ,, 

black 

0-9340 

1-90 

192-17 

201-82 

1-4840 

'J'oehigi ,, 


0-9343 

2-83 

193-39 

202-45 

1-4851 


0 9343 

1-99 

193-20 

200-42 

1-4841 

o 


0-9343 

0-84 

193-31 

200-50 

1-4841 

Tochi^i, 1904 

black 

0-9332 

7 02 

193 11 

193-78 

1-4831 

,, ,, 


0-9318 

0-57 

193-48 

185-05 

1-4822 

,, ,, 


0-9344 

5 17 

193-30 

200-40 

1-4840 

1 


0-9372 

2-09 

193-12 

190-22 

1-4840 

)) 


0 9338 

2-82 

! 191-07 

190-09 

1-4835 

1 


0 9325 

2-53 

i 189-07 

187-48 

1-4826 


In India, China, Manchuria, and in Japan,^ the oil is used for edible 
purposes. In Japan it is used for mixing with the cheapest kinds of 
lacquer ^ (as much as 30 per cent of oil being used) for the preparation 
of paper umbrellas, lanterns, and artificial leather. It also finds ex- 
tensive employment in the manufacture of printers’ inks, paints, and 
varnishes. The statement that perilla oil is also employed in the 
extraction of the last quantities of Japan wax from the berries by 
mixing the press residues with 10 ])er cent of perilla oil is erroneous.^ 
The annual production of perilla oil in Japan is estimated to amount 
to 350,000 gallons. 


LINSEED OIL, FLAX SEED OIL 

French — Huile de lin. (Jerman -ZcOm/, FlachssanienoL 

» Itsiimn -Olio di lino. 

for tables of charaiJeristics see pp. 51-53. 

^Linseed oil is obtained from the seeds of the flax plant, Linum 
usitatissimum, L., a native of Central Asia. The principal countries 
where it is gi’own in considerable quantities to yield oil seeds are Argen- 
tina, India, the United States of America, Canada, and Russia. Notable 
quantities of seed are also produced in Morocco. Attempts are being 
made to grow linseed in the Transvaal and in Australia. 

^ Private communication by M. Tsujiinoto. 

^ A. Hosie, Manchuria, Methuen and Co., 1901. 

* ^ J. J. Quin, British Consular Report from, Tokio, 1882. 
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In the following tables statistical data with regard to the most 
important producing countries are given 


Production oj Hnseed in the jnincifal Linseed-growing Countries 
(Metric tons of 1016 kilograms) » 


Yeai. 

Arj^entma. 

India. 

, USA 

Can.ida. 

Hnssifi 

'I'oLal. 

1892 

85,000 

487,(H)0 

1 260,000 


234,000 

1,066,000 

1893 

120,000 

584,000 

' 236,500 


363,400 

1,303,900 

1894 

270,000 

625,000 

177,000 


403,500 

1,475,500 

1895 

250,000 

326,000 

355,000 


566,500 

1,497,500 

189fi 

185,000 

358, (M)0 

1 402,000 


703,970 

1,648,970 

1897 

160,000 

220,983 

273,000 


520,552 

1,174,535 

1898 

260,000 

446,668 

j 412,500 


563,409 

1,682,677 

1899 

250,000 

427,894 

1 437,500 


316,570 

1,431,964 

1900 

389,951 

295,674 

475,000 


533,877 

1,694,502 

1901 

365,035 

336,136 

' 650,000 

6,660 

455,444 

1,813,276 

1902 

703,976 

342,624 

! 732,122 

18,065 

542,234 

2,399,021 

! 1903 

937,601 

481,567 

' 682,513 

21,1(K) 

, 461,314 

2,584,097 

1 1904 

740,000 

571,832 

585,013 

13,388 

, 471,846 

2,382,079 

! 1905 

591,912 

347,400 

, 711,944 

18,342 

1 421,000 

2,090,598 

1906 

825,764 

353,400 

626,500 

25,588 

, 540,500 

2,371,752 

1907 

1,100,710 

425,200 

646,275 

45,301 

: 550,590 

2,768,076 

1908 

1,048,852 

163,200 

645,125 

79,133 

1 500,339 

2,436,649 

1909 

716,515 

297,700 

' 487,817 

120,829 

568,360 

2,181,221 

1910 1 

595,000 

527,600 

' 317,950 

100,974 

650,000 

2,191,524 

1911 i 

572,000 

563,600 

; 484,250 1 

196,675 

670,000 

2,486,525 

1912 j 

1,130,000 

641,200 

701,825 

528,505 

: 650,000 

3,651,530 


Exports of Linseed from the principal lAnseed-growing Countries 
(In metric tons) 










Imports to 



Ex polls froii 



lni|)ort.s into (licat 
Britain 

Continont 
and to 

Year. 








United States 


Argentina 

India 

U S.A. 

Unssia 

Total. 

Mi'ttic Tons 

Poi 

('ent 


1896 

230,000 

365,810 

77,211 

481,071 

1,154,092 

457,362 

40 


1897 

• 169,092 

177,975 

26,784 

460,038 

833,889 

349,020 

42 


1898 

142,442 

375,908 

55,839 

220,270 

794,459 

301,787 

38 


1899 

230,550 

416,276 

64,641 

182,337 

912,804 

314,148 

•35 


1900 

210,693 

257,593 

52,148 

200,643 

721,077 

309,108 

43 


1901 

336,509 

332,830 

608,307 

315,378 

72,834 

55,377 

780,098 

282,048 

36 


1902 

311,159 

88,585 

93,039 

825,613 

308,331 

37 

• • 

1903 

417,946 

18,640 

133,257 

1,178,150 

385,954 

33 

592,196 

1904 

919,056 

527,710 

180 

76,660 

1,523,606 

1 505,519 

33 

1,017,907 

1905 

662,264 

i 331,541 i 

22,325 

94,643 

1,110,773 

: 345,412 

31 

• 795,361 

1906 

531,132 ; 221,155 

218,436 

110,160 

1,080,883 

286,140 

26 

794,743 

1907 

831,887 

335,214 

122,657 

78,553 

1,368,511 

372,537 

27 

995,774 

1908 

1,078,084 

162,829 

42,400 

148,873 

1,432,186 

382,169 

26f 

1,050,017 

1909 

925,660 

236,814 

33,314 

98,050 

1,293,836 

303,237 

23j 

990,599 

1910 

652,830 

350,731 

6,430 

143,932 

1,153,923 

: 236,066 

20| 

917,857 

1911 

455,000 

524,873 

nil 

126,817 

1,106,690 

1 243,338 

22 i 

858,352 

1912 

545,566 

356,797 

53,000 

172,061 

1,127,424 

257,294 

23 

• 

870,130 
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The requirements of the United States of America are no longer 
filled by home-grown linseed ; hence linseed is being imported since 
1908. The following table gives some details : — 


' *’ 

• United States of America hn/ports of Linseed {in tons) 


From 

1 mos ^ HH»'> ' I'.uo 

mil 

1912 

Canada . . . . 

t 72,007 

12,400 

143,014 

Argentina 

1 10,548 

01,034 

38,100 

India . . . . 

21,440 

00,035 

13,040 1 

Belgium .... 

0,075 

8,870 

400 ! 

Other countries 

10 

033 ' 

400 I 

United Kingdom . 

1 15,880 j 

0,105 

50 


; 1,118 ' 30,001 , 228,000 

187,003 

105,820 


These tables may be supplemented by the following table, giving 
the shipments of linseed to Europe during the years 1900-1912 : — 


Shipments of Linseed to Europe 
(In quarters^) 


From 

India 

Argentina 

Bnasia am 

Black Sea 

To 

United 

Kingdom. 

Continent. 

United 

Kingdom. 

Continent. 

United 

Kingdom. 

Continent. 

Year 







1900 

636,000 

768,000 

518,500 

616,000 

320,000 

740,000 

1901 

758,000 

958,000 

940,000 

844,000 

167,000 

126,600 

1902 

661,000 

1,031,000 

891,500 

872,500 

210,500 

271,500 

1903 

801,000 

1,497,000 

1,418,000 

1,857,500 

282,000 

422,000 

1904 

1,068,000 

1,797,000 

2,665,500 

2,196,000 

199,500' 

207,000 

1905 

518,000 

1,279,000 

2,076,500 

1,400,500 

252,500 

247,500 

1906 

441,000 

752,000 

1,188,000 

1,627,000 

243,000 

339,000 

1907 

741,389 




182,884 1 


1908 

409,010 


967,906 


269,068 


1909 

540,161 


1,205,147 


179,377 


1910 

774,665 


873,617 


229,504 


1911 

833,107 


398,062 


183,199 


1812 

t 



331,464 





^ 1 quarter of Indian linseed - 410 lbs. ^ 

1 ,, Argentine Un8ec<l — 416 lbs. 

1 „ North American linseed = 424 lbs. 

1 „ Russian' linseed = 424 lbs. 
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! U.S. America 1 

i Total. 




Canada to 






United ! 

— 

To 

Uiiiieil Kiij^doin. j 

Continent. 

KinKdoni. | united Kingdom. 

Continent. 

Year. 

• ^ 

— - - 

1 1 • 


1900 

08,000 ! 

207,500 

1,542,500 

2,331,500 

1901 

79,500 ! 

310,000 

I 1,964,000 

2,237,500 

! 1902 

1 105,500 ! 

302,000 

' ! 1,868,500 

2,537,500 

i 1903 

; 24,000 1 

74,500 

, 2,525,000 

3,851,000 

1904 


1,000 

3,934,000 

4,201,000 

; 1905 

20,000 ' 

98,000 

2,867,000 

3,025,000 

, 1900 

281,000 

873,000 

2,153,000 

3,591,000 

1 1907 

04,814 


78,277 2,071,534 


1 1908 

71,488 


i 47,199 2,067,195 


! 1909 

: 35,298 


1 25,808 1,697,428 


! 1910 

22,043 


7,028 ' 1,478,259 


1 1911 

1 

1,217 1 


1 : 1,393,874 



Further statistical data arc supplied in the following tables : — 


Production of Linseed in Prance and Imports into Fiance 
(In metric tons) 


Year. 

Prcxl action 

Imports from 

Russia 

India. 

Argentina. 

Otlier 

Countiies 

Total 

1896 

13,288 

25,709 

56,475 

42,546 

10,436 

135,616 

1897 

13,306 

50,422 

27,375 

56,615 

7,571 

141,983 

1898 

9,069 

11,008 

67,307 

30,235 

3,115 

111,556 

1899 

8,769 

8,915 

76,320 

38,023 

4,298 

127,556 

1900 

12,515 

31,484 

32,060 

33,300 

7,976 

104,820 

1901 

15,519 

9,966 

40,452 

44,621 

14,071 

109,110 

1902 

11,426 

7,330 

40,771 

39,846 

14,360 

102,307 

1903 

13,826 

4,009 

61,680 

83,014 

8,422 

157,115 

1904 

15,438 

2,434 

67,434 

90,064 

8,701 

168,636 

1905 

' 14,602 

2,758 

69,044 

75,337 

9,553 

156,642 

1906 

16,110 

8,233 

43,737 

73,218 

18,809 

143,997 

1907 


5,170 

90,561 

84,990 

8,379 

189,100 

1908 


4,616 

56,645 

113,890 

11,689 

186,845 

1909 


9,861 

59,900 

91,905 

7,776 

169,450 

1910 


7,085 

65,807 

62,387 

5,582 

, 140,862 

1911 


10,061 

77,187 

21,973 

9,590 

119,117 

— — -h. 
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Im'ports of Linseed into Gerynany 
(In metric, tons) 


Year. 




Imports from 



Holland. 

Russia. 

India. 

Argentina. 

U.8.A. 

Other 

Comitnea. 

ToUl. 

1896 

20,390 

169,009 

69,833 

19,241 

2,763 

7,864 

289,100 

1897 

25,064 

172,709 

50,841 

99,927 

7,307 

2,464 

3,869 

262,254 

1898 

23,389 

106,106 

30,328 

5,472 

4,724 

209,946 

266,019 

1899 

16,256 

101,654 

114,276 

22,938 

8,048 

8,848 

1900 

14,702 

107,623 

80,405 

66,370 

41,013 

17,966 

6,962 

267,671 

1901 

9,800 

58,950 

74,590 

21,740 

5,480 

236,980 

1902 

6,990 

49,150 

74,670 

84,340 

26,240 

6,570 

13,370 

245,960 

1903 

2,290 

47,000 

112,540 

151,010 

4,940 

381,150 

1904 

1,860 

41,920 

139,680 

262,940 

8,010 

8,310 

7,320 

462,720 

1905 

1,040 

1 49,070 

110,300 

181,930 

3,820 

69,767 

853,480 

1906 

3,920 

55,056 

48,801 

196,670 

5,609 

878,823 

1907 

1,625 

28,270 

47,618 

334,170 

22,079 

7,197 

439,859 

1908 







468,422 

1909 







486,867 

1910 




216,073 



320,622 

1911 

2 i 319 

50,733 

75,'036 

144,117 


4,* i 38 

276,343 

1912 

3,488 

74,754 

69,802 

173,273 


8,775 

1 830,092 


The area of land on which linseed was ^rown in the different 
provinces of India during 1905-1907 and 1909-1910 is stated in the 
following tables : — 





Av(t 

igc of 

Piovince. 

ino'.i-iu. 


— - - 






Five Ycais 

Ten Years. 

United Provinces | 

Bengal .... 

Eastern Bengal . 

•Central Provinces and Berai 
Bombay .... 
Hyderabad 

315.000 

633.000 
671,800 

87,700 

1,145,200 

144,200 

664,300 

210,900 

567.000 
726,.500 

103.000 
912,100 
1,54,800 
604,500 

554,800 

565.000 

728.100 

113.000 

729.100 
298,600 

485.000 

472,700 

500.000 

626.900 

123.000 

684.900 

289.900 

421.000 


3,028,200 

633,000 

2,711,800 

567,000 

2,908,600 

565,000 

i 2,618,400 
500,000 


Linseed Crop under Cultivation in ;y)09-1910 


' Acres. 

Bengal ...... 686,700 

Eastern Bengal . . . . .85,100 

Assam 11,003 

United Provinces (Agra) .... 243,129 

United Provinces (Oudh) .... 67,068 
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Linseed Crop under Cultivation m 1909-1910 (continued) 


Acres. 

Punjfeb 36,268 

North -^Vest Frontier Province . ■ . • 

Upper Burma ..... 139,013 j 

Lower Burma ..... 1,685 

Central Provinces . . . .875,199 

Berar 51,035 

Ajmor-Merwara . . . . . 718 

Coorg ....... 

Madras ...... 25,340 

Bombay 135,658 

Pargana Manpur ..... 47 


Corresponding data for the American linseed crops in 1907 and 1911 
are given in the following tables : — 


American Linseed Crop in 1907 


state. 

Acres. 

A\era),T Yield 
per Acre 

Total Yield, 

North Dakota .... 

1,700,000 

lUihliels 

8*0 

Biishi'ls 

13,602,000 

South Dakota .... 

480,000 

lo-o 

4,800,000 

Minne.sota 

474,000 

10-5 

4,978,000 

Total for tljree N.W. States 

2,6.54,000 

0 5 

23,380,000 

Wisconsin 

36,000 

11-2 

.515,000 

Iowa .... 

20,000 

1 1 -5 

23.5,000 

Missouri . 

30,000 

10 0 

305,000 

Nebraska 

16,000 

11-0 

174,000 

Kansas 

54,000 

10-0 

539,000 

Oklahoma 

6,000 

1.5*0 

90,060 

Montana 

34,000 

13 0 

436,000 

Idaho ... 

14,000 

13*0 

177,000 

Total for United States 

2,864,000 

9-0 

25,851,000 


American Crop of Linseed in 1911 


State. 

Acies 

A\eia'^e Yield 
pel .leie 

'I'oUl Yield. 




. 

Bushels. 

Bushels. 

Colorado 

3»000 

7-0 

21,000 

Iowa 

16,000 

8-0 

1284&0O 

Kansas 

75,000 

30 

225,0^)0 

Minnesota 

400,000 

8-0 

3,200,000 

Missouri 

18,000 

30 

54,000 

Montana 

425,000 

7-7 i 

3^272,000 

Nebraska . . A . 

2,000 

5-0 i 

10,000 

North Dakota .... 

1,200,000 

7-6 

9,120,000 

Oklahoma 

1,000 

30 

3,000 

South Dakota .... 

607,000 

5-3 

3,217,000 

Wisconsin 

10,000 

120 

120,000 


2.757,000 

7-0 

19,370,000 
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Two qualities of Russian seed are recognised in the trade, they are 
known, according to their source, as Baltic and Black Sea seed ; hence 
the terms “ Baltic linseed oil ” and “ Black Sea linseed oil.” The oil 
expressed from* Indian seed is known as “East India oil.” Baltic 
^ linseed yields the best drying oil ; this is to some extent ex]Jiained by 
the fact that the lUltic^ seed is the purest, whereas in Black Sea seed 
5 per cent (and more) of hemp seed or ravison seed are usually presenl^ 
and Indian seed is always mixed with mustard, rape, and cameline seed, 
owing to tlie plants yielding the latter being grown along with the 
flax plant. It has been jiroved that when the Indian linseed is carefully 
separated from the foreign seeds and then expressed, the oil possesses 
as good drying properties as best Bussian oil. During latter years, 
more attention having been paid in India to this important industry, 
the quality of seed has improved. Argentine seed, yielding the Biver 
Plate oil (La Jflata oil), used to contain much chafl and admixed fibres, 
owing to careless treatment in harvesting. Since farmers have begun 
to apply greater care, the Argentine linseed comes now into the market 
in a much improved condition, so that not infreijucntly seed is returned 
as “ 98-99 ])er cent clean ” linseed. Nevertheless, possibly in 
consequence of the climatic conditions or the “ race ” of the seed, the 
Argentine oil docs not approach in quality (“ richness ”) either Baltic 
or Indian oil. North American oil ranks almost on a par with Argentine 
oil (cp. also below, iodine values) ; in this case also the (juality of the 
oil depends to a considerable extent on the purity of the seed. Canadian 
linseed having been reared from Balth* seed (imported for this purpose) 
yields an oil equalling in quality Baltics linseed oil. Hence Canadian 
linseed oil is much superior to North American linseed oil. 

An indication as to impurities occuiring in commercial seeds is 
furnished by the following table due to E. J. She})jpar(l} 





Oiigiual Sc(*d 



Picked Seed 


Kind of Seed, 

Oleaginous 

jN'on-( Meaginons 

Oil in Total 


S]) Or. .at 

1.5 .5/15 5" C 

Weight of 



IiiH)untics, 

pci' ( (Mil, 

liri])Uiities, 

))ei cent 

ImpuntiPH, 
per cent. 

c<‘nt 

- 

one Seed, 
in ingrrns.- 

1. 

Aniencaii 

1 .-.0 


100 

39 <>7 

1 1388 

4-61 

2 : 

Amenean 

1 01 

1 1 O', 


39-40 1 


4-53 

8 

La Plata 

0 M 

1 f) 04 

14 1 

.80 <18 , 

1 1415 

6 -.58 

4. 

Calcutta 

4 S5 

j 5 03 

14 9 ; 

40 82 ' 

1 1320 

6-41 

5. 

[lonil)ay 

0 SI 

2 80 1 


41 28 1 

1-1182 

7 88 

U. 

S Russia (Kertcli) 


1 71 


39 11 I 

1-1875 

5-74 

'■ 

N. Hussia (Riga) 

8 81 

197 1 


' 30-95 ! 

1-1458 

« 4-19 




Linseed arriving in this country is sampled and tested by the 
Incorporated Linseed Association,^ who ascertain the propfjrtions of 
linseed and foreign seeds ; oil-yielding seeds other than linseed are 
reported as having half the value of the latter, whereas non-oleaginous 
seeds are considered as valueless. 

^ Journ. Ind, Kng. Chem,, 1912 (4), 14. 

^ Avcirago of 4000 full-sized .seeds. 

^ Tills Association lia.s recently joined an International Cominitl^e 6f European oil 
millers. 
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Kecently Chinese linseed has been placed on the market under the 
commercial name of Chinese linseed, yellow, and Chinese linseed, 
brown. The quality of the oils obtained therefrom chfiracterises the 
seed as a good linseed. The iodine values of the oilstiave been given 
in the tame of characteristics.^ 

The proportion of linseed oil in the seed varies with the origin of 
the seed,^ and also with the seasons. The figures given below should 
therefore only be considered as average numbers. It should also be 
remembered that on extracting seeds with ether larger quantities of 
'crude oil are obtained than on extracting with petroleum ether. 


Proportion of Oil in Seeds 



Per cent. 

Russian litisceil 

32-38 

Indian 

37-43 

River Plato ,, 

35-31) 

N American ,, 

30-38 

Levant 

37-42 

Tlungarian , 

30-38 

Morocco ,, 

30-40 

Sicilian ,, 

41-42 

Chinese ,, (yellow-brown) 

31-38 


Some details regarding tlie yit'ld of linseed oil from seeds derived 
from different districts of East Indies are supplied in the following 
table : — 


District 

No. of 
Samples. 

Oil pci cent 

Weight of 100 
Heeds. 

Punjab .... 

10 

3500-41 91 

(Inns. 

0-286-0-030 

Central Provincc.s . 

21 

30-47-43-93 

0-520-1-029 

Bombay Presidency 

7 

41-23-4445 

0-609-0-888 

Madras Presidency . 

5 

40-40-41 71 

0-060-0-703 

United Provinces . 

9 

41-44-44-55 

0-537-0-923 

Bengal 

1 

41-40 

0-510 

Assam 

1 

42-00 

0-521 


^ C. Grirame, Chejn. Revue, 1912, 280. 

Experiiiieiiis made lu India with linseed iicli iii oil and taken to farms where 
usually seed yielding? a smaller propoition of oil was giown, showeil that there was a 
decline in the percentage of oil. The following table shows some results of those 
experi^ients 



Original 

Seed. 

Produce 
of 1006. 

Produce 
of 1006. 

Linseed White from Cawnpore . 

44-62 

41-28 

89-00 

,, ,, ,, Khandwa 

44-06 

44-18 

42-03 

,, )i M Damoh 

4.') -34 

43-07 

43-67 

. Drown fi'oni Partabgarli 

43-17 

40-08 

88-31 

,, ,, ,, Cawnpore . 

42-0.’) 

40-07 

89-48 

,, ,, ,, Hholapur . 

41-13 

40-42 

88-82 


{Memoirs of ifie Department of Agriculture in India, by J. Walter Leather, vol. i. 
No. 2, p. 38.) 
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Tho quantity of linseed oil produced per annum may be taken as being 
about 35 per cent of the seed ; hence the total world production of 
linseed oil can^^e gathered from the above given tables. The production 
of linseed oil iif this country is detailed in the following table. The 
considerable falling off in tho production during 19lo and 1911 was 
caused by the abnormally high prices of linseed. 


Production of Linseed Oil in the United Kingdom 


Ve.n 

U.-inols of 10 gallons 

1902 : 

102,817 

1903 

128,051 

1904 

108,500 

190r> 

115,137 

190f5 

95,380 

1907 

124,179 

J90S 

127,390 

1909 

101,079 

1910 

78,088 i 

1911 

81,113 i 


The German im]:)orts and exports of linseed oil are detailed as 
follows : 

German Imjmts and Exports of Linseed Oil 
(In metric tons) 


Imports 

toil. 

1"12 

Expoits. 

1011. 

1012. 

From Bolgiurn 

81 

233 

To United Kingdom . 

2041 

271 

„ Holland 

2420 

2554 ! 

,, Austria-Hungary . 

1 297 

196 

„ Russia . 

140 

199 ! 

1 ,, Brazil 

206 

199 


On pressing linseed in the cold, a golden-yellow coloured oil is ob- 
tained, which has a pleasant taste, so that it can be used as an edible 
oil. Considerable quantities are being expressed for this purpose in 
Russia, Hungary, Germany, and India. In some parts of Germany, 
the oil is used either as such (as “ Leinolschmalz ”) or in admix^mre 
with tallow or (and) lard for edible purposes. Such linseed oil is 
refined by filtering over fuller’s earth. 

By far the largest quantities of oil are, however, employed in the 
arts. In that case the seed is crushed between rollers and heated up 
to about 160° F. in the mixing kettle ; subsequently the seed is 
expressed whilst still warm. The oil so obtained has a yellowish-brown 
hue and is somewhat turbid, due to traces of moisture and mucilaginous 
matter. The press cakes retain about 10 per cent of oil. ^ 

The press cakes are used as one of the most valuable and wholesome 
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cattle foods. ^ It should, however, be noted that they contain a small 
quantity of a cyanogenetic glucoside, linamarin,^ which has been shown 
to be identical with phaseolunatin ^ (a dextrose ester of acetone cyano- 
hydrin), and an enzyme occurring naturally in linseed and in the flax 
plant, in the presence of water this enzyme acts on the glucoside with 
production of prussic acid.'^ The temperature to which the linseed meal 
•is heated, preparatory to pressing, suffices to destroy the enzyme. 
Hence linseed cake as found in commerce is innocuous to the cattle. 
Cases of cattle poisoning after feeding with linseed cake were' as a rule, 
’hitherto ascribed to an admixture with poisonous seeds, such as castor 
seed. In the light of the foregoing facts the poisoning may, however, 
have been due to prussic acid, generated from the cyanogenetic glucoside 
in consequence of too low a temperature having been employed acci- 
dentally in the process of expressing the oil. For this reason the meal 
obtained in Anderson's press (see p. 15) should not be fed to the cattle. 

Under the name “ Calcutta linseed cake,” ymtive-made cakes are 
imported into Europe which by no means represent what the name 
suggests. A number of such cakes which the author had occasion to 
examine consisted to the extent of about one quarter only of genuine 
linseed cake, whereas the remainder was formed by mowrah cake.® 
An analysis of a cake of this kind by the author gave the following 
results : — 



Per cent. 

Oil . . 

04.5 

Nitrogen 

4-740 

Albuminoids 

20- 68 

Ash 

8 07 

Moisture , . 

8-60 

M'ood fibre 

14-00 

(Common salt . 

0-270 

Carbohydrates by difrerenci* . 

20-12 

The oil extracted from the cake gave 

the following numbers : — 


Per cent. 

Iodine value .... 

88-10 

Free fatty acids 

7.5-00 

Neutral fat . 

2.5-00 

Melting point of fat . 

.30-0 to 32-2'^ C. 

Melting point of total fatty acids . 

40-6 tq 47-2'^ C. 


In consequence of the greatly extended production of sesame cake 
(owinj to the great demand for sesame oil in the margarine industry), 
sesame cake is fraudulently admixed to linseed cake. The microscopical 

examination reveals the admixture. 

# 

^ For tl(je examination of linseed cakes qi. E. Collin, Journ. Pluint). Chini., 1909 
(vi.), 256 ; also L. Vuallart, Ann. desfalsif.^ 1911, 381. 

^ Dunstan, Henry, and Auld, Proc. limjal Soc., 1906, 78, 145. Cp. also C. 
Ravenna and M. Zaniorani, Atti dell’ Acecui. dei Lincei^ 1911 (5), ii. 356 ; S. H. Collins, 
Journ. Soc. Ghem. Ind., 1912, 507. 

^ During germination of phaseolm lunatus no hydrocyanic acid is liberated by the 
action of the enzyme. Guignard, Compt. rend., 1908, 1023. 

^ Henry and* Auld, Journ. Sw. Chem. Jnd., 1908, 428.' 

® Cp. also LeWkowitsch, Journ. Soc. Chem. Ind., 1910, 1432. 



GLYCERIDES — DRYING OILS 


CHAP. 


5 «. 

A. Gregroire and E. Carpiaux ^ base a method of detecting sesame 
cake on the fa^t that pure sesame cake contains about 2| per cent of 
calcium oxide as against about 043 per cent in linseed cake. 

On storing tne oil, the moisture and the mucilaginoua matter 
gradually settle out, and the oil thereby acquires a higher value, especi- 
ally for some technical uses, as in the making of varnish. Such oil, 
sometimes kept for years, is known as “ tanked oil.” The suitability* 
for varnish-making purposes is ascertained rapidly by heating the 
linseed oil in a test-tube. Oil from which gelatinous matter separates 
is considered unsuitable. Seed expressed in a comparatively fresh* 
(“ green ”) state yields oil containing larger quantities of “ mucilage ” 
than seed three to six months old. The gelatinous matter, “ mucilage ” 
or “ spawn ” or “ break,” contains phosphates and traces of sulphates. 
G. W. Thompson “ found that a sample of freshly expressed linseed oil 
heated to 400'^ F. yielded 0*277 per cent of a precipitate. On washing 
it with petroleum ether to remove the oil completely, this foreign 
substance gave 47*79 per cent of ash (0*1177 per cent of the original oil), 
consisting of 20*96 per cent calcium oxide, 18*54 per cent magnesium 
oxide, 59*85 per cent phosphorus pentoxide, and traces of sulphate. 
Other specimens of linseed oil gave the following results : — 



l)«‘scupf.ion. 

Asli. 
Per ( put 

1. 

Fr(ish double-filtered raw American hn8o<;d oil 

0-1429 

2. 


0-19(57 

3. 

Good W(!ll-settled „ ,, 

0 0(509 

4. 

Best American linseed varnish oil ,, 

Traces 


In my own practice I have met with lin.sced oils containing as much 
as 0*2 per cent of ash. Such oils give a notable amount of mucilage. 

The following analyses of “ Ether-Insoluble Mass,” obtained from 
“ foots,” ^ may prove of interest : — 



binsccd Oil 
“ tVKitH,” fnnn Oil 
prepart'd by 
Jlydriiubc 
Pressure 

liiiihOed Oil 
“ Foots,” from Oil 
prepare<l bv 
Exti-actioi) with 
Naphth.u 

liinaoed Oil 
“ Break,” obtained 
from Naphtlia- 
extiacted Oil, by 
heatini' to 500“' F, 
with Suporlieatnd 
Steam. 


Per cent. 

Per cent. 

Per cent. 

Silica 

j nil 

12-53 34-.38 

0-2!S 

Manganese oxide . 

Lime 

3-26 

0-51 7-98 

3-17 8*39 

10(f 

23-53 

Magnesia 

1 4-99 

6-25 46*50 

^14-51 

Phosphorus pentoxide . 

81*08 

72-75 

60-30 

Sulphuric acid 

Potash 

10-27 

present 

none 


^ BulL Soc. chim. de Belgique, 1912 (26), 479. 

2 Journ. Soc. Chem. Jnd., 1903, 1005. 

* Collated from notes by 0. Eisenschiine and H. N. Copthonie, Journ. Ind, and 
Eng. Chem,, 1910, 29. 
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E. W. Boiighton ^ found in sixteen specimens of raw linseed oil 
traces of manganese (up to 0*0008 per cent). ^ 

The bulk of linseed oil is at present produced by expression. The 
main reason for this is that the hot-pressed cake is valuable as cattle 
food, wnilst linseed meal obtained by extraction with solvents could 
only be used as manure, at any rate in this country." In the United 
•'States of America some linseed is extracted with solvents (naphtha), 
as it is thought that the oil so obtained, being richer in unsaturatcd 
acids, and containing less mucilaginous matter, would be more suitable 
* for the oi] and paint trade. This has, however, not been borne out by 
practice, extracted oil having been found unsuitable as a paint oil 
(cp. Vol. ITT. “ Paint Oils ”). Moreover, the oil obtained by extracting 
with carbon bisulphide, petroleum ether, etc., possesses inferior colour 
and a more unpleasant smell than expressed oil.^ Therefore it would 
only be profitable to extract damaged seed, which does not yield proper 
cattle food. 

As mentioned already, the impurities settle out on long standing, 
especially in the cold,^ and the enhanced value of “ tanked oil ” consists 
in the comparative fi-eedom of such oil from foreign substances. A 
more rapid method of removing these impurities is to refine the oil, 
as in the manufacture of “ paint oils.” The process consists in treating 
linseed oil with 1 to 2 per cent of somewhat concentrated sulphuric 
acid. The charred mass carries down with it the bulk of impurities 
contained in the crude oil. For the manufacture of the best and finest 
kindsof linseed oil -“artists’ oil” — the seed ispresvsed in thecold, and the 
refined oil is subj(!cted to “ sun-bleaching,” by exposure in shallow zinc 
trays under glass to the action of sunlight. Powdered lead placed in 
the trays accelerates the bleaching process. Getithe ^ proposes to bleach 
linseed oil by exposure to the Cooper Hewitt mercury lamp, whilst a 
current of air is pressed through the well-agitated oil.^ (Cp. Vol. III. 
“ Boiled Oils.”) Dark linseed oils intended for soft soap are usually 
bleached m the soap works themselves by treatment with a small 
amount of caustic potash. The soap which is formed carries down 
with it colouring matters. 

A number of patents have been taken out for the refining of linseed 
oil by means of ozone ; the writer examined several processes worked 
on a semi-large scale, but none of them can be said to have superseded 
the usual methods. — Attempts made by the author to remove the solid 
glyceydes from linseed oil on a commercial scale, with a view to obtaining 
an (il of still higher drying power than is possessed by refined oils, 

^ Jou.rn, lud, and Eng. Chem.y 1913 (5), 282. 

“ The German Agricultural A.ssociations Urstinctly exclude by their specitication.s 
cakes containing extracted meal. Such meal is exported to Europe uuder the name of 
“Cleveland meal" (see p. 28). 

■* Cp. Mitarewaki, Vheni. Zeit. Hep., 1906, 241. 

Cp. Niegemann’s German patent 163,056, p. 31. 

German patent 223,419. Cp. Flatt, Farben-Zeitung, 1907, 108. 

® Cp. also German jiuteiit 11,213, 1880, Cattanach. Linseed oil is also bleached 
virith potassium bichromate in hyilrochloric acid, bleaching powder, etc., but as it is 
diflicult to lento ve the last traces of chemicals these processes are not practised 
frequently. 
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have not proved successful. The value of the method patented by 
Hertkorn ^ for^ achieving the same object appears therefore rather 
doubtful. ^ 

The chemical composition of linseed oil is but imperfectly known. 
Mulder was the first to state that tho^oil contains about 10 per cent of 
glycerides of solid fatty acids, consisting of palmitic and myristic acids 
in about equal proportions. The sobd acids separated from the liquid 
acids by means of the lead-salt-ether method contained, however,^ 
notable quantities of liquid acids. Tolman and Munson‘S found by 
the same method only 3-88 per cent of solid acids. The total fatty 
acids can be distilled in vacuo without undergoing decomposition, but 
they cannot be thus separated from each other. Haller ^ showed 
(by fractional distillation of the ethyl esters of linseed oil, see Vol. 1. 
Chap. XII.), that amongst the solid acids of linseed oil also stearic acid 
occurs in appreciable proportions, and arachidic acid in very small 
quantities. It may be pointed out that the iodine values of the linseed 
oils examined by Haller varied from 108 to 175. These numbers are 
somewhat low, and it would therefore appear that linseed oils of higher 
iodine values must be poorer in solid acids. 

The earliest statement by Hazura and Grmsner, that the fatty acids 
of linseed oil consist of 5 per cent of oleic acid, 15 per cent of linolic acid, 
15 per cent of linolenic acid, and 65 per cent of “ isolinolenic ” acid, 
allowing as a maximum 10 per cent of solid acids, would lead to a much 
higher iodine value than actual experiments warrant. This is shown 
by the following calculation. A mixture of fatty acids having the 
following composition : — 



I’cr rent 

Solid acids 

10 

Oloic acid 

4-5 

Linolic acid 

13-5 

Linolenic acid . 

1.3-.5 

“ Lsolinolonic ” acid . 

58-5 


1000 


should absorb, theoretically, 225-89 per cent of iodine. The liquid 
fatty acids, freed from solid acids, should therefore have the calculated 
iodine value of 250-9, whereas the highest number found in my laboratory 
for the lic^uid fatty acids (prepared by Tortelli and Ruggeri' s method) 
was only 210. To explain the discrepancy Fahrion assumed thai raw 
linseed oil. is polymerised during the process of manufacture. This 
assumption, however, cannot be substantiated. ^ 

From the percentage of ether-insoluble bromides, 41-9 per cent, 
I found (see table, p. 53) the calculated proportion of linolenic acid is 
15-4 per cent only, since 100 parts of hexabromide correspond to 36*68 

^ (teniiau patents 129,809 and 137,306 ; c]). Jahrbuch tier C/umie, xii. 370. 

* Joum. Anier. Chem. Six'., 1903, 960. 

’ Compi. rend., 1906 (146), 259. 

The existence ol‘ Isolinolenic acid must also be doubted, see Vol. I. Chap. Ill, 



XIV 


LINSEED OIL 


parts of linolenic acid. This amount may be below the true one, but 
the deficiency is not sufficiently explained by assuming that some 
other-insoluble bromide was dissolved together with linohfe tetrabromide ; 
for experiments which I made with varying amounts of bromine and 
ether diil. not lead to results differing materially from the above-named 
percentage of ether-insoluble bromide, viz. 41-9 per cent under the 
^experimental conditions described in Vol. I. Chap. VIII. p. 570. The 
following is an account of an examination of a specimen of linseed oil 
carried out in my laboratory : — The sample had the iodine value 
#190-4, it yielded 37-72 per cent of ether-insoluble brominated glycerides, 
and 8-9 per cent of solid acids of the iodine value 22-3 (by the lead- 
salt-ether method^). After passing the solid acids once more through 
the same process, 7-5 per cent of solid fatty acids of the iodine value 
19-2 were obtained. The mixed fatty acids had the iodine value 194-4, 
and yielded 38-1 per cent of ether-insoluble bromide of the melting 
point 17G-4° C. Attempts to obtain further quantities of insoluble 
bromides horn the ethereal filtrate failed (cp. Vol. I. Chap. VIII. p. 571). 
The amount found, calculated to hexabromide, leads to 14 per cent 
of linolenic acid. But even on the assumption that linseed oil contains 
no oleic acid -the dihydroxystearic acid obtained by Hazura being 
regarded as a jrroduct of secondary reacdlon -the iodine value of the 
mixed fatty acids would only come to 182-2, as shown by the following 
calculation 



I'lM cent 

Iodine Value. 

Solid fatty acids of tlio iodine value 19-2 

7*5 

1 4 j 

Linolenic acid . ... 

H-O 

38-4 

Linolic acid, by dilfereiice 

78 -.5 

142-4 



182 2 i 


whereas experiment led to 194-4. 

This would show that the percentage of linolenic acid is taken too 
low. Whether this be due to part of the hexabromide having remained 
in the filtrate or whether, according to liolMs theory, only one-fourth 
of the hexabromides has crystallised out, must be left open to doubt. 
Tested by Rollet's theory, the last table would work out as follows ; — 


• 

IVr cent. 

Iodine Value. 

Solid fatty acids of tho iodine value 19-2 

7-5 

1-4 

Linolenic acid ...... 

mo 

163-0 

Linolic acid, by difference .... 

36-5 

j 66-06 


100-0 

220-46 


^ By precipi^atioii ■with lithiiini acetate Fahrion obtained an acid of iodine value 
22*6 ; yield 7 per cent {ZeUschr. /. unyew. Chem., 1904, 1484). 
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The last figure would be too high ; it might be reduced by assuming 
that there is some oleic acid present which would reduce the percentage 
of the linolic ^id and thus bring down the iodine value. If, on the 
other hand, RolMs theory be rejected, and Erdmann and Bedford's 
figures be accepted, viz. that the most unsaturated acids con^st of 78 
per cent of linolic acid and 22 per cent linolenic acid as derived from 
the hydrogen value of the mixed liquid fatty acid, and allowing no, 
oleic acid, we should have the following calculation : — 



1 iVi coni 

! __ 

1 loilinc Valno. 

Solid fatty acids of the iodmo vahic 19-2 . 

i 7-5 

i 1-4 

Linolenic acid ..... 

20- .9.7 

,% 76 

Linolic acid 

7215 

130-59 


100 0 

1 187-75 

^ 




which is again too low. 

Accepting the result found by Eihuer and MuggentJader (Vol. I. 
Chap. VIII. p. 573), viz. that linseed oil yields about 50 })er cent of 
hexabromide, this would lead to a calculated figure of 21 per cent of 
linolic acid, and thus bring back the calculation approximately to the 
last one embodying Erdmann's and Bedford's results. 

Fahrion gave the composition of a linseed oil, of the iodine value 
173-2, in the following round numbers, to which the autlior has added 
the corresponding iodine values. 



IVr 

' 

Iodine Value 

■ 

Oak ulatod lodiiu* 
Absorption. 

Solid acids . 

8-5 

6-8 

0-58 

Oleic acid 

0-8 

17-5 (approx.) 

11-5 

90 

0 0!) 

15-75 1 

Linolic acid 

30-0 (approx.) 

181 i 

.54-42 

Linolenic acid . . , 

38-0 (approx.) 

274-1 

104-10 


94-8 


175-04 


The proportion of oleic acid was based by Fahrion on the fact that 
a certain percentage of dihydroxystearic acid was obtained which was 
again calculated — on the basis of an assumed yield of 60 per cenfj— to 
oleic acid. There is, however, proof wanting that the dihydroxystearic 
acid found owes its origin entirely to oleic acid. The proportions of 
linolic and linolenic acids were derived from a method of oxidising 
the fatty acids on cotton wool. As this method must be considered 
a very hazardous one, the agreement of the calculated iodine value 
with the iodine value of the linseed oil cannot be considered as supporting 
^ the calculation, and no definite conclusions can be derived, in the 
author's opinion, from this analysis as to the actual occurrence of 
linolic acid in linseed oil. 
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It is evident that further researches are required satisfactorily to 
establish the composition of the linseed oil fatty acids. ^ . 

By catalytic reduction with hydrogen, linseed oil cah be converted 
into completely saturated glycerides. Paal and Rdih ^ obtained by 
using pakadium as a catalyst a brittle mass, melting at 61-65° C. 

On exposure to air in a thin film on a large surface linseed oil readily 
absorbs oxygen, and dries to a neutral substance, insoluble in ether 
(or practically insoluble in ether, for according to Fahnon, it passes 
almost completely into solution when treated with a large quantity of 
^ther during one year, with frequent shaking). This substance, the 
nature of which has not been ascertained hitherto, is termed “ linoxyn,” 
and is stated in its turn to be further oxidised to a li(|uid substance 
- -superoxidised oil (cp. Vol. III. Chap. XV. “ Oxidised Oils ”), 

The ready absorption of oxygen explains the occurrence of small 
amounts of “ oxidised ” acids in even comparatively fresh linseed oils. 
When kept protected from moisture, air, and light, linseed oil keeps 
indefinitely, as shown by the following table, which contains the pro- 
portions of “ oxidised ’’ acids in some (comparatively) fresh and old 
linseed oils examined by Lewkowitscli ^ (together with a few other 
“ characteristics ” and “ variables ”) : — 



“ 0 x 1 - 

liiscU ” 
Acids. 

Specillc 

Oruvit\ 

At 15 5' C 
(w.iter 

J,'-)5.= l) 

Mntyr 
tiai toi 
“ Degi 

At. 

CD- C. 

o-ro- 

letei 
ees " 

At 

250 : 

Saixtiiilic 

Vuhu) 

-- 

lodiite 

Value. 

Aeid 

Value. 

UiiHapom- 

fiable. 

Oil from finust Calcutta seed, 2 

I'er 

cent 







Pet cent. 

moiitlis old .... 
Oil from line.st Calcutta seed, 8 
years old, kept the wliole time 

0 

0*931(5 

84 

82 

193-2 

170-4G 

1*3 

0-65 

protected from air and light. 
I’liiest St. Petersburg seed, 3 

07 

0 9324 

84 

81 

192-5 

174*0 

1*3 

0-7 

month.s old .... 
I’mest St. Petersburg seed, 7 

0 88 

0-9334 

8(5-5 

84 

192 2 

177*3 

1*3 

1-1 

months old . 

Baltic (coniinercial) seed, con- 
taining ravison and oameliue 

0-56 

0-9345 

87 

84 

193-1 

176*2 

1*3 

0-98 

seed 

bluest and purest Baltic seed, 
kept 13 years protected from 

0*73 

0*9343 

86-6 

84 

194-3 

170*1 

1*3 

1-1 

air and light 

• 

# 

1*96 

0-9410 

90 

87 

195*2 

176*8 

7*2 

1-1 


As will be gathered from the preceding table, the proportion of 
free fatty Scids in linseed oil is as a rule small ; it rarely exceeds in 
good commercial samples 1-1*5 per cent. The acetyl value of linseed 
oil was found by 'Lewkowitsch 3*9. The proportion of unsaponifiable 
matter varies in commercial samples from 0*3 to 1*2 and even 2 per 

1 Cp. also Vol. I. Chap. VIII. 

^ Merichte, 1909, 1560. 

^ Journ. Soc. Chem. hid., 1899, 61 ; Chein. Revue, 1898, 211. 
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cent (in Eiver Plate oil), the amount depending on the care with which 
the manufact^e has been carried out ^ in the press-room. If the piston 
of the hydraui'ic press works in mineral oil, contamination with the 
latter may easily take place. The unsaponifiable matter contains 
phytosterol, but no stigmasterol ^ (difference from rape oil). / 

On heating linseed oil to 250''-3(X)'" C. the specific gravity increases 
considerably owing to the formation of polymerisation products (se(^ 
Vol. III. Chap. XV. “ Polymerised Oils ”). 

The United States Government specifications for linseed oil (August 
15, 1912) are as follows : — • 

The oil must be strictly pure, well-settled linseed oil, perfectly clear, 
and not show any deposits of ‘‘ foots ” or a loss of more than 0-2 per cent, 
when heated for one half-hour to a temperature of from 103° C. to 
105° C. ; it must show on examination the following characters : — 




Miiiininui. 


Specific gravity at 15° 

Specific gravity at 25° ('. 

Iodine value (HanuK) 

Saponification value 
Acid value 

Refractive index at 25° (\ 
Unsaponifiable matter . . . per cent 


. 1 0-93f) 

0-932 

. i 0-931 

0-927 

. 1 190 

178 

. : 192 

189 

. j 3 


. 1 1-4805 

1-479 

1-5 



The oil, when poured on a glass plate and allowed to drain and dry 
in a veftical position, guarded from dust and exposure to weather, 
must dry free from tackiness in less than 75 hours at a temperature 
of from 15*5° C. to 26-5® C. 

The following tests will be found sufficient for the examination of 
a sample : — 

Specific Gravity. — Linseed oil has a higher specific gravity than 
any fatty oil tliat would be used to adulterate it, with the exception of 
tung oil. Hence a lower specific gravity than 0-93 in a given sample 
would direct attention to the presence of other fatty oils or mineral 
oils. ,A higher gravity woidd indicate probable adulteration with 
rosin oils. The presence of “ boiled linseed oil,” which has a higher 
specific gravity than linseed oil, would in the first instance be detected 
by the specific gravity test. 

The higher the specific gravity of a linseed oil, the more suitable 
it is for the purposes of the paint and varnish manufacturer. This 
is also expressed in a general way by the magnitude of the iodine values. 
Thus Wijs ^ has shown that the specific gravities of a numbef of linseed 

^ In a number of (leteiininatiou.s of the unsaponifiable matter in linseed oils of 
different origin earned out by Niegemann [Cfiem. ZeiL, 1904, 97), the percentages 
varied from 0'83 to 2’1 per cent. Cp. Fendler, Devt. Pharm. Qe^., 1904, 149 ; 
Niegemann, Chem, ZeiL, 1904, 830 ; Thoms and Fendler, ihid., 1904, 841 ; Niegemann, 
ibid., 1904, 885 ; F. Lorentz, ibid., 1904, 819. 

2 Berichfe, 1907, 3682. 

” Chem. Revue, 1899, 29 ; Jmrn. Soc. Chem. hid,, 1899, 691. 
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oils varied from 0-9310 to 0*9352 as their iodine values varied from 
180*1 to 200. On storing (“ tanking ”), the specific gravity increases, 
as shown by the numbers recorded in the last given tahr<?. 

The increase must be ascribed to a slight oxidation of the oil, due 
to the absorption of oxygen, and not to polymeiasation. 

Iodine Value. — Linseed oil has, with the exception of perilla oil, 
,the highest iodine value of all know’ji fatty oils, lienee the iodine test 
is the most characteristic one for identifying a sanijile. The iodine 
numbers given by earlier observers are much too low', owing to too small 
an excess of iodine solution having been used ; those values have there- 
fore not been recorded in the above given tallies. Correct iodine values 
are obtained by allowing the lltihl iodine solution to act eighteen hours ; 
on using the iodine solution six hours suffice. Tn either case an 
(excess of iodine must be ])resent, about ec(ual to the quantity of iodine 
absorbed. 

If the iodine value of a sample falls below' 170, the presumption 
that the samph' has been adulterated is justified. Lower iodine values 
have been found occasionally iii ‘‘ genuine ” linseed oils, but the adul- 
teration may have taken place in the seed itsidf, as it w^re, the oil 
having bc(ui prodiK'cd from impuie or adulterated linseed (see below^). 
Oils bleached wdth bichromate and hydrochloric acid absorb less than 
150 per cent of iodine. 

►Somewhat low'er values than those given in the table may also be 
flue to an oil having been exposed to the atmosjdiere, and thereby 
having absorbed oxygen. This point must be borne in mind before 
a sample can be pronounced adulterated, as jniiity of an exposed oil 
is (piite consistent with a somewhat low' iodine valmc 

A higli iodine value of itself is, lunvever, not proof of jiurity, since 
other drying oils, fish oils, and rosin oils may be admixed with linseed 
oil ill consideralde (juantities, and yet furnish numbers lying in the 
neighbourhood of those given in the table of characteristics. 

The following table, containing the iodine values of linseed oils 
from specified sources, wall be found useful • — 


[Table 
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Kind of Linseed. 

Si 

Iodine Value of Oil.i 

Observer. 

Baltic . ^ 

190-201 

Lewkowitfach ^ 

Archangel, Wiatka, Pcterbljiirg, Reval, 

190-204 

Ingle ; 


Pernaii, Riga, Libau 

188 5-200 

Wijs 

Central Russia (Samara, Steppes) 

188 9-1 89-1 

Black Sea, Asoff ; Taganrog 

176 -a- 182 -5 


Black Sea . . . . 

176-182 

Ingle 

East India . . . . 

170-190 

Leukowitsch 


182 -2-187 '5 

Wi)s 

River Plate 

180-189 

Ingle 

Wijs 

,, . . . 

174-7-182-7 


179-191 

Lewkowitsch 

Dutch 

175-186 

Ingle 

191 -5-201 -8 

\Vi)s 

Commercial ..... 

181-5 

Ingle 

North America 

178-1-188-5 

AV]]s 

„ „ • • 

191-194-6 

Thomson and 
Dunlop 

Danube countries 

177-188 

Ingle 

182-1 

Wiis 

Clniiese .... . j 

191 

Grim mo 

Mi.Kcd Linseed ; from— 



Dutch and Baltic .... 

199-1 

Wijs 

Various Baltic seeds .... 

198-1 

1 ^ Baltic and Dutch .... 

195 7-197-5 

,, 

\ \ ,, and i . 

1 Black Sea and ^ Baltic 

195'M:»,') 4 

,, 

185 5 

,, 

Yo ,, and Rner Plate . 

^ Black Sea, ^ River J'late, ^ East 

isa-7 

- 

India, 1 North Ameiica . 

183 -a 

,, 

\ La Plata, East Indi.i, Black Sea 

183-2 

,, 

i n h n 

East India, ^ Black Sea . 

18-2-9 

,, 

182 7 

,, 

Black Sea and East India . 

181-5 


Black iSea, and East India, and Noith 



America .... 

181-1 

,, 

i Black Sea and ^ East India 

180 9 

,, 

^ Piver Idate and ^ East India . 

iso -1 


Rivei Plate, Black Sea, East India 

178-7 



Bromide Test. — Tins is an important test lor purity. Pure linseed 
oils yield up to 38 per cent of crude ether-insoluble brominated ^dycerides. 
From the table given in Vol. 1. Chap. VII. it will be gathered tiat all 
other drying oils such as tung oil, poppy seed oil, safflower se«i oil, 
candle nut oil, soya bean oil, either yield much smaller quantities or 
no ether-insoluble brominated glycerides. If a sample yield less than 
20 per cent brominated glycerides, the pre.sence of other oils may be 
inferred with certainty. It is much preferable, however, to brominate 
the mixed fatty acids (prepared with due precaution against oxidation), 

’ During recent years greater care is taken in all linseed-producing countries to 
market purer seed than was obtained previously (see above, p. 54). 

2 Cp. also table, p. 63. 
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and to isolate the linolenic liexabromide. Linseed oil mixed fatty 
acids yield (by the method described Vol. I. Chap. VT[L^^. 570) up to 
42 per cent of bromide, melting from 175^^ to 180'' C., v aereas all other 
drying (vegetable) oils give much smaller quantities (cp. Vol. I. Chap. 
VIII. p. 5T1). 

Since fish, liver, and blubber oils also yield high percentages 
iff insoluble bromo-prodiicts in the bromide ii'^i-octo-hromide — tlie 
determination of the melting point of the bromides must not be omitti'd. 
Linolenic liexabromide from drying oils nuilts at ITri'^-lSO" C. to a dear 
hljiiid, whereas the octobromides from fish, liver, and lilubber oils 
do not melt at these temperatures, being converted at about 200° C. 
into a black mass. Experiments carried out in my laboratory proved 
that it is thus possible to detect admixtures of 10 per cent of fish ml 
with linseed oil. (Vol. I. Chap. Vlll. p. 571.) 

Eihiicr and Mmjgentlialer s method yields much higher ])ro])ortions 
of liexabromide than given above ; these authors find in a number of 
linseed oils the following jirojiortions of liexabromide of melting jioint 
177' C. 


IVl (VMll 


Baltic . 

uT-Dfi 

Dutch . 

')! 

Argc'iitiiic 

1 uo 

Tncliaii . 

.K) uO 


The thermal reactions which linseed oil gives are not charactcristk' 
enough for purposes of identification, and on account of their indefinite- 
ness and the trouble involved in the determination, their enqiloyment 
IS not rrconimended for isolated tests in an analytical laboratoiy. 
For special purposes, however, as m a works Avhere a large number of 
tests must be made rapidly, the Maiunene reaction, or, better still, the 
bromine thermal test, may be usefully applied. 

Thus oils that arc known to be pure can be quickly sorted into those 
which have the lowest iodine value, and lienee are suitable for soa])- 
making puqioses, and those of a high iodine value which are preferably 
used in the manufacture of varnish and linoleum. It should, however, 
be understood that the operator himself must determine by experiments 
the factor which applies to the particular conditions under which the 
test is carried out. The following table will show how necessary it is 
for each operator to ascertain the factor which represents, as it were, 
the personal equation of his experiments : — 


[Table 
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Kind ot 'V- 
Linseed Oil 

Urornine 

Thennal 

Value 

\» “C 

I 

Hubl 

Iodine 

Value. 

I 

I; 0 -: 

1x60 

Observer. 


30-1 

160 7 

167 2 


• 

Helmer and Jlitchell 


31 3 

101 9 

172 0 




Kjuv linseed . 

;;{) no 

171 3 


173 9 


Jenkins ^ 

Old sanijde . 

28 n 

167-1 



171-0 



28 8 

177-0 



172-8 

Arch butt “ 

American 1 '^) 

2 !> 6 

177-0 



177-6 



29-7 

177-8 



178-2 


East Indian . 

29 8 

178-7 



178 8 


Baltic . 

30-40 

183-3 



182-7 


31-3.0 

188 .0 



188-1 


M 

31 4 

188-8 



188 4 


> t ‘ • 1 

31-70 

188-8 



190 0 



32-0 

192-5 

- 1 


1 90 0 



In doubtful cases the deternuiiation of the iodine value must of 
course bo resorted to, as only this test furnishes unmistakable results. 

Oxygen Absorption. -The rajudity with which a ^iven sample of 
linseed oil dries, and the amount of oxygen it absorbs, alford guidance 
in tlie valuation of a linseed oil recognised as pure ; for the commercial 
value of a sarriph' of linseed oil intended for the manufacture of varnish 
depends on its drying power, which is determined by the amount of 
oxygen it absorbs, and also by the time it re<juires for drying to an 
elastic skin. The Livache method, as also the glass-plate method, 
may be applied for (|uantitative purposes (cp. Vol. I. Chap. VII.), but 
excejit in special cases little information can be derived therefrom.*^ 
It is of far greater importance to ob.serve the time required to dry, and 
the nature of the skin formed. This test is the one usually applied m 
technical work. It rei^uires, however, a good deal of practical experience 
to judge of the quality of an oil by the drying test. The analyst called 
upon to give an opinion .should compare a given sample with an oil 
known to be pure and of good quality, by exposing side by side a number 
of glass plates coated, by means of a palette knife, with a very thin 
film of oil, so that exactly the same conditions obtain throughout. A 
good linseed oil should become dry in le.ss than three days ; it should 
not be tacky on touching with the finger.s, and should yield an elastic, 
coherent skin. Oils containing considerable amounts of unsapoliifiable 
matter or foreign oils will be incidentally detected by this test, inasmuch 
as these prevent the formation of a good elastic skin. Lin.seed oil 
mixed with 5 per cent pyridine is stated to dry slowly and uniformly 
without cracks.** 

An important test in judging of the suitability of a linseed oil for 
making paint oils and varnishes is to heat a few c.c. in a test-tube up 

1 Joiini. ^oc. Chem. hid., 1897, 194. 2 2397 ^ 32 i. 

For a modification of Livache’s tests c{). Elsdoii and Hawley, Akalyst, 1913, 1. 

^ W. Ostwald. English jiatent 10,361, 1910. 
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to 600® F., that is, until the oil commences to boil up. Good oil should 
remain clear on cooling (as a rule it will have become lighpr in colour). 
From impure oils mucilaginous matter (“ foots,” see p. will separate 
as a gelatinous mass at the bottom of th<^ test-tube , in the case of 
low quality oils this mass will be found disseminated through the oil. 
Oils of this kind are unsuitable for the manufacture of paint and varnish 
i'ils (cp. also Chap. XV. B. m. and iv.). 

Linseed oil, being one of the cheapest fatty oils, is not freipiently 
ifdulterated with vegetable oils. However, when the jniec of linseed 
oil IS high, cheaper oils are extensively added as adulterants. 

Dnjiiig Oils. — The presence of considerable (juantities of drying 
oils, such as candle nut oil, salflower oil, simllower oil, and especially 
soya bean oil, is indicated by an iodiin^ value lower than 175. Then- 
presence would also be indicated by the bromide test, if the yield of the 
ether-insoluble bromides of the mixiul acids falls below 30 per cent. 
Since tung oil and poppy seed oil yield no ether-insoluble bromides, 
salllower, soya bean, and walnut oils a very small (piantity only, and 
candle nut oil less than half of the (piantity to be exyiected from 
linseed oil, the bromide test will be found of greater help than the 
iodine test. 

Cotton Seed Oil. — An inducement to adulterate linseed oil with 
cotton seed oil will only present itself whenever the latter is cheaper 
than linseed oil. The presence of cotton seed oil would be detected by 
a low iodine value of the sample. The Haljdien colour test should be 
applied as a confirmatory test (see p 203) ; the melting point of thCv 
fatty acids should also be determined. In th(‘, presence of coirsiderablo- 
([uantnies of cotton seed oil, the titer test numlier will be considerably 
above 20^ C. 

Rape oil is indicated by a lower sa])onificatioii value than the 
normal one (of course, in the absence of unsaponifiable oils). A few 
per cent of rape oil, such as arc freipiently present in commercial linseed 
oil, will not lie detected thereby. The saponification value will, how- 
ever, in many cases afford some guidance as to the excess of foreign 
seeds in the linseed from which the sample has been obtained. In 
important eases the determination of erucic acid (Vol. I. Chap. VIII. 
p. 553) must be carried out. 

Fish Oils — Blubber Ods.; — Since fish oils absorb fully as much 
iodine as linseed oil does, and yield as much and even more ether- 
insoluble bromides, the quantitative tests alone will give a satisfactory 
answer, and it is imperative to take the melting point of the ether- 
insoluble bromide of the mixed. fatty acids. In the case of pure linseed 
oil, a whit? or only slightly yellowish hexabromide is obtained, melting 
sharply without decomposition at 175®-I80° C., whereas the octobromides 
from fish and blubber oils become dark or almost black at 200® C., and 
do not melt. Even 10 per cent of fish oil can thus be detected. In 
doubtful cases the phytostcryl acetate test will furnish a reliable means 
for the detection of fish (liver) and blubber oils. Crystallised phyto- 
steryl acetate from pure linseed oil melts at 128®-! 29° C. (Bonier and 
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W intent). In the presence of cholesterol the melting point of the acetate 
is much low(^. 

Unsaponl»^ble Matter. — Adulteration with mineral oils and rosin 
oils is still praeiised, although these oils are very easily detected. If 
only one of these two oils be the adulterant, the specific gravity of the 
sample alone will indicate the further line of examination. A judiciously 
prepared mixture of both unsaponifiable oils will, however, have thi^ 
proper specific gi'avity of linseed oil. 

The presence of either adulterant is readily indicated by a low 
saponification value (below 190) ; the amount of the adulterant is 
d(Termined by weighing the unsaponifiable matter. Pure linseed oils 
contain no more than 1-2 per cent of unsaponifiable matter. If a 
notable amount of unsaponifiable matter has been found, and the 
presence of rosin oil be suspei'ted, polarimetric examination will give 
useful indu-ations. Linseed oil is practically optically inactive— a 
sample of East India oil, examined in a 200 mm. tube, showed the 
deviation of O'" G' to the right— whereas rosin oil is strongly dextro- 
rotatory (cp. VT)]. HI. Lubricating Oils”). 

Rosin (colophony) is best detected qualitatively by applying the 
Liebermann-Slorch reaction. If the (‘olour of the sample be very dark, 
it is best to warm it with alcohol, so as to extract the bulk of tlie colo- 
phony, and test the alcoholic extract. The amount of rosin can be 
determined quantitatively hy titrating the sample with aqueous 
standardised alkali, using phenolphthalein as an indicator. From 
the amount so found, there must be subtracted the amount of alkali 
used for neutralising the free fatty acid m lin.seed oil — which rarely 
exceeds about 3 jier cent. Test experiimmts made in my laboratory 
with mixtures of linseed oil and rosin proved the reliability of this 
method. If, however, a large amount of linseed oil fatty acids is present , 
as in linseed oil soap stock (see Vol. HI.), the amount of rosin in the 
alcoholic* extract must be determined quantitatively by TwitcheU's 
method. 

Linseed oil is very extensively used as stock material for soft soaps ; 
for this purpose those oils are esjiecially employed which have com- 
paratively low iodine values. The ])resence of mucilage in linseed oil 
is, as a rule, not objected to by the soapmaker. The most important 
application of linseed oil is found in the manufacture of boiled oil for 
paints, varnishes, lithographic varnishes, and for the manufacture of 
linoleum. No other drying oil approaches the properties of linseed oil, 
the drying oil par excelienee. Hence linseed oil is also the best oil for 
making putty. The preparation of plastic masses by heating linseed 
with finely divided magnesium or iron (reduced by means of hydrogen) 
has been patented by Meusel & Co.^ ® 

The manufacture of boiled oil, its characteristics, and detection 
if in admixture with linseed oil, will be treated in Chapter XV., as 
also the chemistry and technology of oxidised linseed oil. 

Linseed oil is also used in the manufacture of “ Vulcanised Oils 

^ German patent 202,510 (Cherni.sche Fabrik Liegnitz, Merisel k (^o., cp. Vol. III. 
Chap. XV. “ Polymerised Oils ”)• 
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(cp. Vol. III. Chap. XV.), and for extracting india-rubber from “ waste 
rubber.” p 

By heating linseed oil with sulphur, the official Uni sidf. is 

prepared. 

Linseed oil fatty acids are now produc(‘d as a commercial article, 
by autoclaving linseed oil. The commercial product, “ linseed oil soap 
fitock fatty acids,” consists as a rule of from 80 to 85 i^er cent of free 
fatty acids, the remainder being iinsaponified fat The fatty acids ” 
are chiefly used in the manufacture of soft soap. They arc also em- 
ployed as solvents in the production of ” fat-soluble ” colours. 

Smaller (piantities are also enijiloyed in the industry of spirit lacf|iiers, 
it being claimed for them that they assist the drying of the lacquers. 


k'(!ART oil 

N Gart oiP is obtained from the fruits of Plifl’enelia conopJiora, 
Mull. Arg., a liana belonging to the family B}{rscraci!(v, widelv 
cultivated in the Cameroons (district Ossidinge) between the maize 
plant. The fruit, of the size of a \valnut, contains a nut having a 
thin shell, which encloses a loose round kernel. The weight of a 
kernel varies fiom i to 5 grms ; it contains 53-8 to 5b per cent of 
a pale yellow oil. 

The following characteristics were ascei’tained : — 


8pecihc gravity at la'" (' . 

8o]j(lifyiag point 
8aponiiicati()ii \aliie 
Iodine value 

Refractive index at IT-T) (’. 

„ „ 1.3" (’. 

Iodine value of the mixed fatty acids 


0 mii) 

0 <1354 

- 10 to -20" 
102 

177 - 3 ; 204 “ 

1 -4830 
1-4835 

. 187 - 4 ; 100-210 


A specimen examined hy Muhle and llamniehnann^ contained 3-01 
per cent “oxidised acids,” and yielded 17-7 per c(‘nt of ether insoluble 
bromides melting at 177-178° 0. Tlie fatty acids had an iodine value 
of 211. On heating for six hours at 300° the oil gelatinises in a 
similar manner to Chinese wood oil. 

Tke fruits are gathered by the natives, and the expressed oil used 
for edible purposes. The taste of the oil is similar to that of linseed 
oil. Its high iodine value also points to its use as a substitute for 
linseed oil. Attention has been drawn to this oil whilst the prices 
of linseed oil were abnormally high. 

^ Native name. — Brieger and Kiaus^e, ZeUnrhu /. anf)nr. Chem., 1909, 1373 ; M. 
Krause ami Diesselhoist, Trvpenpjiou-A'r, 1909, xiu. 281; Chem. Rei\, 1912, 138; 
13. Holde and (1. Meycrheim, Chan. Zat., 1912, 1075. 

2 By Wijs’ iijethod. 

^ Chan. Zentralbl.., 1913, 1. 587. 
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TUNG OIL 

Under the iftime Tung Oil ” are comprised here two fatty oils, 
which are differentiated in commerce, according to their prigin, as 
“ Chinese Tung Oil ” and “ Japanese Tung Oil.” Synonymous are 
the terms “ Chinese Wood Oil ” and “ Japanese Wood Oil.” Botl^ 
oils are sold in commerce as Wood Oil,” but this term should be 
avoided in order to exclude confusion with the ethereal gurjun oil 
[gurjun balsam), also known in commerce as ivood oil. As the tw<) 
kinds of tung oil differ somewhat, especially in their specific gravity, 
the characteristics of the two oils will be given separately. 


(a) (iriNESE TUNG OIL (CHINA WOOD OIL) 

French — Hade (Vabrasin, Haile de bois de Chine. (German — Chine- 
sisches Tangol, CJnnesisches Oljirnisbaumol (Clnnesisches Holzol). 
Italian — Oho di legno del China. 

For tables of characteristics see pp. 75, 76. 

Chinese tung oil (first mentioned by the Jesuit D’Jncarville (about 
the year 1735) as a common adulterant of Chinese lacquer) is obtained 
from the seeds of Aleurites cordata, Miill. Arg. {Elwococca cordata, Bl. , 
Elmoeocca vernicia, Juss. ; E. sinensis, Drgandra rernica, Carr.), a 
tree indigenous to China ^ (Chinese, Tang Yu). Trees belonging to 
the same species also grow abundantly in Indo-Cliina, Tonkin, Annam, 
and Cambodja (Tonkinese, Cdy-trdoii ; Annamese, Cdy-dau-sou ; 
Cambodjese, Doeam-chor-tuc). 

The fruits form a nut, in which three to five seeds liaving a hard 
shell and an oleaginous kernel are enclosed ; hence in China the oil 
is frequently termed “ nut oil,” a name also used frequently in 
commerce {e.g. ‘‘ China nut oil ”). 

The composition of Chinese tung oils varies somewhat according 
to their source, and the treatment of the seeds in different localities. 
Three kinds of seeds are distinguished — yellow {pay-yii), drab (hsin- 
ya)i and white {hung-yu). The .seeds are roasted in a flat dish over a 
naked fire and then broken to powder between stones ; finally the 
mass is expressed in crudely made wooden presses. The kernels 
contain about 53 per cent of oil, but the practical yield of oij amounts 
to only 40-41 per cent. It has not been profitable to substituVe for 
the native plant modern hydraulic presses (cp. p. 14). The cold- 
drawn oil is pale yellow, and is termed white tung ’oil.” This 
is the variety chiefly imported into Europe. The oil obtained by 
hot pres.sing is dark brown, and termed “ black tung oil.” This oil 
is consumed at home ; it has an unpleasant taste, and its odour is 
more pronounced than that of the white tung oil, whicti is also 
somewhat unpleasant. (This odour precludes its use for many 

. ^ PauhiWiiia imperudis, Sieb. et Zucc. (?) 
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purposes.) The characteristic smell seems to develop whilst the oil 
is in transit to Europe, for oil expressed from fresh see^ on the spot 
is stated to have by no means an unpleasant smell. Tl^objectionable 
smell is ascribed ^ to oil originating from damaged kernels. 

The cakes are poisonous, and are therefore only used as a fertiliser, 
or for the manufacture of lam])black. Poisonous properties have 
tilso been attributed by some writers to the tung oil itself, but this is 
open to doubt. 

About one-half of the oil is produced in the provinces Hunan and 
Kweichow ; about one-third in Szechuan, and the remainder in 
Hupei (mostly in the neighbourhood of Ichang). Szechuan oil has 
the lightest (‘olour. The oil is made in small quantities by a large 
number of produ(*ers, from whom it is collected by middlemen, who 
bring it to Hankow, where foreign merchants clarify the oil and pack 
it for shipment. 

Statistics of production are not available, but the extent of the 
industry may be gathered from the customs riiturns stating the 
export ligures from 1897 (when tlu^ first shijunents were made to 
Europe) up to 1911 : — 


fJxporh of Tinuf Od from llaokoiu and WncJiow 


Yrat 

'r(j l>'oi etj^n ( 1 

Wncliow 

1 (Canton) 

To Clniifsc I’oU s - 


Tons 

Tons 

1S'I< 

1.9, 040 

i 287 ‘ 

1898 

19,707 

' 1 053 

1899 

21,044 

! 1237 

1900 

19,0r).3 

i 1450 

1901 

10,701 

1 1802 

1900 

28,08.7 

1 

1 

1907 

23,540 

1 

1910 

7,955 

42,702 ! 

1911 

0,143 i 

37,841 


The home consumjition of China is estimated to be at least double 
the amount of oil exported. 

The export from French Indo-China has reached 300 to 400 tons 
per iftinum during the last eight years. 

The imports of Chinese tung oil into Germany a^mounted in the 
years 191>and 1912 to 8665 and 6796 tons respectively. 

Experiments have been made to grow the China wood tree in 
Chico, California. Although the United States forestry department 
has already planted a considerable number of trees, and is ready 
to distribute 5000 runners to the members of the Paint Manufacturers 

^ Cp. Faijrioii, Zeitsdir f. anfj. Chem., 1905, 406. 

Seven months only. 


- 8hangliai, etc. 
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Association, it is doubtful whether the cultivation will be attended 
with success^ 

Chinese tuk" oil consists chiefly of the glycerides of oleic and 
elaeomargaric acids (Vol. 1. Chap. I.). According to Fahrion,^ tuiig 
oil contains 2 to 3 per cent of saturated fatty acids and about 10 per 
cent of oleic acid. Although tung oil gives in the bromide test 0-38 
per cent of a precipitate, its fatty acids do not yield any ether' 
insoluble bromide, neither by the method described Vol. I. Chap. 
VIII. p. 570, nor by Eihner and Mmjfjenthaler s method, ihid. p. 573. 
In the elaidin test an oily layer is obtained resting on a lower, nearlj' 
solid product ; when stirred up, the whole mass flows. 

On keeping, tuiig oil becomes jellified and solidifies partly. A 
specimen kept by the author for a number of years with occasional 
access of light had solidified to gelatinous and jelly-like tough masses 
which were intersjiersed with crystals. Cloez,^ who first observed 
this phenomenon, gave the explanation that the 1ic|uk1 glyceride was 
converted into an isomeric solid glyceride — eleosteariii — which 
solidified at 32^ C. and melted at 3V^ C. R. S. Morrell ^ observed 
that in Hankow oil, exposed to light in well-stoppered'glass bottles, 
crystals appeared after a short time, and that after one year about 
6 per cent of the oil had been converted into the crystalline isomeride. 
The crystals, isolated by washing with acetone, melted at 61-62° C. 
The oil obtained from the acetone solution after distilling off the 
solvent in a current of carbon dioxide yielded in a few days a further 
crop of crystals after exposure to light. Once the crystallisation had 
started, treatment with acetone seems to accelerate the transformation 
on exposure to light. The crystals are soluble in chloroform, ether, 
and benzene ; they are very sparingly soluble in cold alcohol — even 
boiling alcohol dissolves about 5 per cent only, — and are readily 
soluble in hot glacial acetic acid. The crystalline substance is very 
readily oxidised, and the oxidised glyceride is quite insoluble in warm 
glacial acetic acid. (Difference from the original oil.) 

^ Vhem. Zed Rep.. 1012, t)]2. 

' Compt. lend.., 1870 (81), ItiO . 1877 (82), 7»01. 

Journ. Chem. >%< , 1012, 2083 . cp. also Kitt, Chem. Rccne, 1005, 212 
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Freshly expressed timg oil consists almost entirely of neutral 
glycerides ; the samples examined in Europe contained at most up 
to 6 per cent of free fatty acids, calculated as oleic aci'/i!'.' TJie amount 
of imsaponifiable matter in the tested samples did not exceed 0-8 
per cent.* 

The characteristic- numbers contained in the two tables, p. 75, p. 76, 
•are contrasted with those of Ja])anese tung oil (Japanese Ayood oil). 
Cp. also the table given p. 84. 

Chinese tung oil is readily identified by its strong characteristic 
^inell, which it has not been possible hitherto to remove. Chinese 
tung oil has the highest specific gravity of any known oil with the 
exception of castor oil, with which it cannot be easily confounded. 
(Japanese tung oil has a lower specific gravity, viz. ()-933-G-fi35 at 
15-5" C.) 

The oil is readily differentiated from linseed oil by the manner in 
which it dries. It possesses even more strongly iironounced drying 
power than linseed oil, in that it forms a skin more rapidly than linseed 
oil, but it differs from the latter oil in that it gives on a glass plate a 
dry opa({ue skin, which is wax-like, but has no elasticity. 

Bouifliton states that in the Li cache test, using 0-5 grams of oil 
and 5 grams of litharge, several specimens of tung oil gained after 
48 hours from O-J to 5-9 per cent, and after 96 hours from 3-6-8-7 
per cent of oxygen, whereas samples of linseed oil gained in tlie 
same time respectively 12-9 and 13-7 ])er cent. 

The film formed by allowing tung oil to dry on a glass plate 
consists to a considerable extent of oxidised acids, and is characterised 
by a low iodine value as also by a notable amount of soluble fatty 
acids The product, termed by Fa/nioii tiingoxyn ’’ (c]). " lin- 
oxyn," j). 63), will be further di'scribed m Vol III. Chap. XV. under 
‘‘ Linoleum.” 

At higher temperatures than the ordinary one, tung oil dries more 
rapidly (Fahnon ; cp. Chapman ^). 

When heated with lead oxide or red lead, the oil gelatinises within 
fifteen minutes to a light brown mass. 

A very characteristic property of the earliest specimens of tung 
oil imported in Europe and examined by the author was to form a 
jelly on being heated to 250"^ C. for a short time, or even when kept 
at 180° C. for an hour or two. The jelly-like mass so obtained possesses 
some elasticity, is insoluble in the ordinary solvents of oil, and shows 
no tendency to melt on being again heated to 280° C. The specimens 
imported during the latter years require higher temperatures for 
gelatinisation — viz. 280° C. and even 310° C., if only about ten 
minutes’ Seating be allowed.^ The gelatinisation is not due to 
oxygen absorption, as has been assumed by some observers, since 
the conversion into a semi-solid mass takes place when air is carefully 
excluded. Further study of the properties of elseomargaric acid, 

J AnaljM, 1912, 549. 

^ Oil extracted with petroleum ether polymerises less rapidly than expressed oil 
(Chapman). Dh Negri and Sburlati hati also observed that oil extracte<l with carbon 
bisulphide behaves dil5w’ently from expressed oil. * 
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which distinctly differs from linolic acid, may lead to a proper ex- 
planation of sJie curious behaviour of this oil on heating. The change 
is very likely^ue to polymerisation of the glycerides (cp. Vol. III. 
Chap. XV, B ii. (2) “ Polymerised Tung Oil ”), and must not be 
confounded with the change which the oil undergoes in insolation. 

Wolff 1 states that the gelatinised product obtained by heating 
Chinese wood oil is not a homogeneous product, but a colloidal* 
solution of polymerised oil in unchanged oil, which latter can be 
extracted by ether, chloroform, or benzene. The insoluble portion 
is stated to be capable of gelatinising considerable quantities of tun^ 
oil or linseed oil on heating. The insoluble portion yields after 
treatment with dilute sodium carbonate, a liquid fatty acid of the 
iodine value 11-5-19 8, and neutralisation value 352-398 ; whereas the 
fatty acids from the portion not attacked by cold sodium carbonate 
solution had the iodine value 82-106, and neutralisation value 128-147. 

The behaviour of Japanese tung (wood) oil on heating is contrasted 
with that of Chinese tung oil, p. 81. 

Several methods have been ])atented to prevent coagulation of 
tung oil on heating. Thus A. Weiiischeiik ^ suggests heating the oil 
witii 0-01 to 0-02 per cent of zinc dust to 80-90'" C. The SociHe 
Anonyoie ‘'^VtrnisoV'^ protects the addition of naphtlienic acids. 
A, Beniiger^ claims the addition of sulphur, sulphides, selenium, 
selenides, or mixtures thereof. 

If a saturated solution of iodine in chloroform or any other solvent 
be dropped on tung oil, the oil is immediately solidified ; and if the 
oil has been previously dissolved in chloroform, a jelly is obtained 
(Jenkins). Bromine has no such action on the oil. 

P. C. Mcllliiney^ suggested to determine the proportion of tung 
oil in admixture with other oils by treating a solution of the oil in glacial 
acetic acid with iodine, and removing the undissolved portion by 
washing with low boiling petroleum ether. This method has not yet 
been worked out to a quantitative one. 

Concentrated sulphuric aiud gives a black clot with the oil. When 
1 grm. of the oil is dissolved in 5 c.c. of chloroform, and 5 c.c. of a 
saturated solution of iodine in chloroform is added, and the mixture 
stirred, the whole is converted into a stiff jelly after about two minutes. 
If 2 grins, of the oil be employed under the same conditions, the jelly 
is so stiff that it can be granulated. 

Sulphuric acid of specific gravity 1-597 to 1-759 is also capable of 
effecting the polymerisation of tung oil. The most suitable sulpljuric 
acid for this purpose is stated to be that of the specific gravity 1-688 
(cp. also “ Polymerised Tung Oil,” Vol. III. Chap. XV.). 

In Redwood's viscosimeter, 50 c.c. of the oil required 1433 seconds 
as compared with 28 seconds for water. A further number of viscosi- 
metric observations is contained in the table due to Chapman (see 
below, p. 83). 

1 Farben-ZeiL, 1913, 1171. , ^ German patent 219,715. 

3 German patent 253,845. “ German patent 801,403. 

3 Journ. Ind. Eng. Chem.^ 1912. 
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In Valenta's test the temperature of turbidity is 4r-47'^ C. 

In the sulphur chloride test 5 grms. of the oil treate(J>in tlie cold 
with 2 c.c. of sulphur chloride and 2 c.c. of carbon bi*«^dphide give in 

minutes a thick, stih jelly. 

The repactice index of tung oil is much higher than tliat of any 
known fatty oil. It should be noted that it cannot be examined in the 
Jjutyro-refractometer, since its liigh refraction would jilaee tlie critical 
line beyond the 100 degree limit of this instrument (as m tlie case of 
rosin oils, see Vol. I. Chap. V.). 

• Tung oil, on account of its drying jiropei'ties, suggests itself as a 
substitute for linseed oil , but although it is the most rapidly drying oil 
known hitherto, it cannot replace linseed oil in the industry of paints, 
varnishes, liiiohuim, etc. Alioiit ten years ago, when tung oil was shipjied 
in large quantities to Europe, and was therefore somewhat strongly 
pressed on the market, a large number of patents wiu’e taken out 
purporting to put tung oil to the sanu; uses as linseed oil, or at least to 
employ it in admixture with linseed oik 

During the last few years, wlnui the price of linseed oil was abnormally 
liigli, more extensive use has been made m the arts of (diiiiese tung oil 
as a substitute for linseed oik In tlie United States endeavours have 
even been made to replace linseed oil conpiletely ]>y Chinese tung oik 
In consec] lienee of these endeavours not only were the most extravagant 
claims made for the properties of tung oil, but the oil itself, having 
attained high prices, lias become adulterated to a considerable extent. 

Earlier statements that tung oil was adulti'rated with cotton seed 
oil have not been borne out by examinations carried out by the author. 
Recently, however, adulteration with stillmgia oil, soya bean oil, and 
sesame oil has been practised to a consideralile extent. The specific 
ffravitij and refractive index tests are the most iuqiortant ones to be used 
in the examination of sus])eeted samples. Sesame oil is readily detected 
by the Baudouiu test. Stillingia oil might probably be detected by 
the optical rotation of the sample, as Chinivse tung oil is practically 
optically inactive (Chapman). Small (piaiitities of soya bean oil are, 
however, very dilhcult to detect ; as they cannot be revealed with 
certainty by the iodine absorption test.^ Hence recourse has .been 
taken to the gelatinisation test as a supplementary means for revealing 
the addition of small quantities of soya bean oil and stillingia oik 

Thus the New York Produce Exchange (on the recommendation 
of the Committee on Vegetable Oils and Eats) adopted the following 
rules as determining the basis of character and quality for Chinese tung 
oil ^ 

Prime Chinese oil shall be pale in colour (according to season’s 
production),' merchantably free from foots, dirt, and moisture ; the 
total impurities not to exceed 1 per cent; impurities not plainly adultera- 
tions, up to 5 per cent, shall not justify rejection ; but allowance to be 

^ Curiously enough, whereas the Wijs and Huhl solutions give almost identical 
results, the Hanus solution gives much higher values. This must be due to tlie con- 
stitution of the tung oil fatty acid.s, inasinucfi as linseed oil under the same conditions 
does not give siiph widely different results with the Hanus solution (cp. Vol. I. 
Chap. VI.). 
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made by sellers for such impurities in excess of 1 per cent. Prime oils 
shall show ^th a Tagliabue viscosimeter at a temperature of 70° F. 
from 7-25 up\^rd. The oil to satisfy the requirements of either tlie 
Bacon test, or the Worslall test. 

Bacon's Test. — In four test-tubes of J inch diameter and T inches 
in length are placed : — ( 1)10 c.e. of pure tung oil ; (2) 10 c.c. of the same 
tung oil containing 5 per cent of a vegetable oil ; ^ (3) 10 c.c. of tung oij 
containing 10 per cent ; ^ (1 ) 10 c.c. of the sample to be tested. The four 
tubes are immersed in an oil bath having a temperature of 288° 0. 

The tubes are maintained at a temperature from 280° to 285° Q. 
(maximum) for exac tly 9 minutes ; the tubes are then withdrawn and 
the sample compared with the contents of the first three test-tubes. 
Each tube is stabbed from top to bottom with a small bright spatula. 
Pure oil gives a hard clean cut, and when the knife is withdrawn the 
incision looks like a straiglit line, while an oil having as little as 5 per 
cent of an adulterant will invariably be softer, and the incision will 
have a peculiar feathered effect ; an oil containing 10 per cent of an 
adulterant will be soft, while the presence of an adulterant exceeding 
12 pel' cent will cause the oil to remain entirely liquid. 

WorsfalTs Test. — One hundred grins, of the oil are heated in an open 
metal pan, 6 inches in diameter, as rapidly as possible, to a temperature 
of 540° F. The time reipiircd to heat the oil from room temperature 
to 540° should be, as nearly as possible, the same each time, four minutes 
being sufficient with gas burners. The oil is k(q>t at or as near to 510° 
as possible, stirring until it starts to solidify. TIk^ time required after 
the oil reached 540°, until it started to solidify, should not exceed 
74 minutes for pure oil. When the oil has solidified in the pan, it is 
turned out while still hot, and cut with a knife. Pure oil gives a product 
that is pale, firm, and cuts under the knife like dry bread, not sticking. 
If the oil requires more than minutes after reaching 540° until 
starting to solidify, or if the product is dark, soft or sticky, the oil should 
be rejected. 

L. S. Potsdanier ^ rejects this test as unsatisfactory, and proposes 
► to determine the temperature of polymerisation, which in the case of 
pure oils is about 289° C., but said to be considerably lower for oils 
adulterated with soya bean oil or mineral oil. 

Chapman, who also rejects these tests as unsatisfactory, suggests 
in place thereof the following method as yielding definite and ‘con- 
cordant results : — • 

Two test-tubes 6 inches long by | inch diameter, I’ontaining about 
5 c,c. of the oil to be examined, are immersed in a bath of melted paraffin 
wax at a temperature of about 100° C. ; the temperature of the bath is 
then raised to 250° C. within about fifteen minutes. The Time is then 
noted, and the temperature of the bath maintained constant at 250° C. 
After half an hour one of the tubes is withdrawn, allowed to cool, and, 
when cold, is broken, and the jelly examined. The other tube is kept 

^ No special oil is inentioneil ; soya 'beau oil or .sesame oil would be the most 
suitable oils. ^ 

Eighth International Congress Chemistry, vol. xxv. 791. 
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ill the bath at 250^^ C. for a further period of half an hour, when it also 
is withdrawn, allowed to cool, and then broken. Chines^ tung oil of 
good quality should give after half an hour a fairly f|>m jelly, which 
after another half-hour’s heating should.be quite hara. Comparative 
tests must of course be made with samples known to be ]mre.^ 

In the following ta})le containing tlie results of the examination of 
^seventeen samples of tung oil from Hankow, the terms “ verg hard,” 
“ hard,” and “ fairly hard” denote the consistence of the polymerised 
oil. When cut witli a knih* or broken across, the cut or fractured 
f^irface should bo smooth and free from stickiness, and small portions 
when rubbed 111 the hand should break down completely into a soft 
crumbly mass, which should not adhere to the fingers. 
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^ Cp. also Browne. Cheni. News, 1912, 14. Chem. Zeit,, 1913, 39. 
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Hoepfner and Burmeister conclude that the Bacon test should be 
modified by J^eating the samples to 310° C. for 12 minutes. Genuine 
oil should, aftei^ cooling to the ordinary temperature, be so hard that it 
can be broken up in a mortar to a coarse powder. 

In China tung oil is used chiefiy as a natural varnisji for wood, for 
caulking junks and boats, as a common adulterant of lac(iuer, and also 
for lighting. Large quantities are also consumed for waterproofing, 
paper and all kinds of tissues. The oil is further employed in admixture 
with powdered lime as a mortar. The best kinds of Chinese mk ai-e 
obtained by burning the oil with a regulated amount of air. The cold- 
drawn oil IS stated to be used in medicine as an emetic and also as a 
purgative. (According to Hertkorn ^ tung oil is poisonous.) 

Further information on the technical applications of tung oil in the 
paint and varnish industries will be given in Vol. Ill, Chap. XV. undej' 
“ Polymerised Oils " and ‘‘ Oxidised Oils,’’ and “ Linoleum Substitutes.” 

Tiwg oil fattij acids became a commercial article at the time when 
linseed oil fatty acids had reached abnormally high prices. Like 
the latter they have been recommended as a substitute for shellac m 
*the manufacture of spirit lacipiers, it being claimed that they assist 
the drying of the lacipicrs, and that on account of their property of 
drying to a dull skin, they are capable of giving the lacquer the special 
dull surface which is desired in some special cases. 

Intermixed with Aleurites cordata there occurs in the Chinese pro- 
vince Fokien Aleurites Fordii, Heussl., the seeds of which also furnish 
commercial tung oil ; and it a])pears that the C'hincse tung oil is in- 
discriminately prepared from the seeds of Aleurites cordata or Aleurites 
Fordii, or mixtures of the two. 

The nuts of Aleurites Fotdii are known under the name ‘‘ kaloo 
nuts ” ; they are poisonous. The od extracted from the seeds of 
Aleurites Fordii differs very little from the oil from Aleurites cordata. 
The examination of the tung oil Lorn Aleurites Fordii carried out in the 
Imperial Ir.stitute ^ furnished the following charactei istics * — 


Specific gravity at 15° C. 
Saponification value . 
Iodine value 
In.solublo fatty acid.s . 
Titer test 
Acid value 


0-9404 

191-8 

166-7 

94 6 per cent 
42-42-5° C. 

2 89 


{b) JAPANESE TUNG OIL (JAPANESE WOOD OIL) 

0 

French — Huile de bois dii Japon. German — JapaniscJies Tungol, 
Japanisches Oljirnisbaunwl {Japan isches Hohol). Italian — Olio 
di leg no del Giappone. 

Japanese tung oil is obtained from the fruits of Elipococca vernicia,^ 
which grows in the southern provinces of Japan (Echizen and Wakasa), 
^ ChcM. /eit,, 1903, 635. 

Butt. Imp. Just., 1907, 134 ; c]>. also Chapman, Anati/sf, 1912, 649. 

'* Kametaka, Journ, Coll. Science Imp). JJniv. Tokyo, 1908. ^ 
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and especially in the island of Yeso (Hokkaido). The Japanese name 
of the tree is Abura Kiri, Jani Kiri” This name h^6 given rise 
to confusion with the true Japanese kiri ” tree (’^ Kn-inoki ”), viz. 
Paulownia impenahs, Sieb. et Zucc. (Bignonia ioinentom, Thunb.), 
the oil from wliich, though apparently similar in some of its character- 
istics to Japanese tung oil, must not be confounded with the latter.^ 

« The characteristics of Japanese tung oil are contrasted in the tables, 
pp. 75, 7G, with those of Chinese tung oil. The characters of a few com- 
mercial oils examined by Chapman are set out in the following table — 


( )il 1toin 

! S])0(‘illc 
- Oia\itv, 

Sapoiiifk-a- , 

tlDII 

Iodine 

Value. 

n<'liae1ive 

Index 

'I'llileot 

1 Ellliix 

1 at 15 (’ 

Seconds. 


1571V C. 

Value 

at --’(C 0. 

Wakasa . 

0-9.377 

195-2 

158-0 

, 1-5083 

1230 

Idzumo . 

. 1 0-9400 

193-4 

149-0 

' 1-5052 1 

1620 

(?) . . 

0-9349 

19G-3 : 

1.51-8 

1-5034 



The iodine values given in this table and the table on ]>. 75 show that 
.Japanese tung oil has a lower iodine value than Chinese. It should, 
Jiowever, be pointed out that a specimen of fresh tung oil (from Echizen) 
pressed in the cold had the iodine value 161*3 {Ka)hetal\a). After 
k(‘eping the oil in an ordinary stoppered bottle for eleven months the 
iodine value had fallen to 150". 

The cake obtained in the pri'jiaration of tung oil used to be credited 
with poisonous properties, and was therefoie appliiul to the land as a 
fertilisei, but since the Japanese em})loy higher temperatures than they 
did formerly in expressing the oil, the cake has been found to be non- 
poisonous. Probably the seeds contain a cyanogenetic glucoside and 
an enzyme which is rendered innocuous by the elevated temperature.^ 

A fresh oil examined by KamelaJca had the acid value 3*81 . 
Kametaka comdudes that the seeds of Elceococca remicia contam a fat- 
hydrolysing enzyme. 

Up to a few years ago Japanese tung oil was not exported. AVith 
the demand that arose for a substitute of linseed oil in consequence of 
the high price of the latter, some Japanese tung oil was shipped to this 
country, as also to Germany. The (juantities imported by the latter 
country amounted to 12 tons in 1911, and to 15 tons in 1912. Japanese 
tung oii is not as valuable in the arts as is Chinese tung oil. It chiefly 

. ^ The oil from the seeds of Pankmniui iniperiahs is known in Japan as “ Ahi^ra toi ” 

(?.(?. Toi oil). J? specimen said to he Pauhnonia iiuprriulis examined hy Chapman gave 
the following characteristics : — 


Specific gravity, 15715° C 0'9351 

Iodine value .... . . 153’5 

Saponification value ..... 193'5 

Refractive index at 20° C. . . 1'5053 

Bromine thermal value, ° C. . . .24*5 


“ Cp. Divers, Journ. Soc. Chem, Ind., 1908, 433. 
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differs from the latter by its lower specific gravity and its lower iodine 
value. The', smell of Japanese oil is not so strongly pronounced as that 
of Chinese wo^d oil {LeivJcowitsch). This may, however, be due to the 
more careful treatment of the seed. 

In the polymerisation test Japanese tung oil does not gelatinise, 
hence it is not accepted in tlie trade as replacing Chinese tung oil, 
which is in conseipience now sold as “Hankow” and “ Wuchow,” 
tung oil to avoid confusion with Japanese wood oil. 

The author ^ made the following comparative polymerisation tests 
with authenticated samples of Chinese and Japanese tung oil ♦ 




Oil. 

No 1 

No -J 

Original oil . 


1 

0-93386 

0 9412 

0-9419 

Heated rapidly 
to 213° U. 

iu wide-mouth('(l 
(420° E.) . 

' 0 9349 

0-9428 

1 

i 0 9432 

. to 232° U. 

(450° F.) . . 

i 0;9355 

0 9445 

0-9411 

„ to 250° C. 

(482° F.) 

0 9477 

0 9448 

! 0-9504 

to 300° C. 

(572° F.) . 


0 9592 

1 solidified to 

„ to 310° (!. 

(590° F.) . 

(608° h\) . 

0 9553 

0 9638 

a hard jelly 

1 

„ to 320° C. 

0 9650 

0-9700 


„ to 330° V. 

(626° F.) . 

0 9694 

soliditieil to 


„ to 340° 0. 

(644° F. ) . 

0 9760 

a jelly 

i 

Heated to 150° U.. 

, and kept there for 

, solidified to ' ’ 

0 9365 


2 hours 

a soft lelly 
, 0 9477 

0-9363 

0 9463 


It will be gathered that the Ja])anese oil became polymerised, as is 
indicated by the higher specific gravity, but did not solidify to as hard 
a jelly as did the Chinese oils. 

The specimens examined by Chapman behavi'd differently from 
Chinese wood oil, in that they did not gelatinise but only became 
“ soft ” and “ very soft.” 

As stated already, most of the Japanese tung oil is consumed at home, 
and is used for similar ])urposes as China tung oil, for caulking junks 
and boats. But even in Japan itself the tung oil has not been able 
to oust linseed oil from the market except for some common purposes, 
such as paper umbrellas. 


* Unpublished experiments. 
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LALLEMANTIA OIL ^ 

French -Huih de Lalleuiauiia. hdleinantia (11. 

Italian— 0//o di lallejiiaxzia. 


Phtjsiad and Chemical Characteristics of Lallemantia Oil 


Speoilu' ' 


Solidifyin^i 

SaponiliLMtioii , 

•liiiii* \ aluo. 

1 

PeKlieit 

at -11 

c. 

Poni't. 
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Value 1 

1 

0 j 

35 C. 

] Sf) 

1()2 1 

1 

1 -55 j 


Physical and Chemical Characteristics of the lusolnhle Patty Acids 
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Lallemantia oil is obtained from the seeds of Lallemantia iherica, 
Fisch. cf Mey., a ])lant belon"inj^ to the Lahiatip, <>rowin^ wild in the 
Caucasus, and cultivated in Russia (near Kicif). L. Royleana ^ grows 
wild in the steppes of Turkestan. 

The oil belongs to the best drying oils, as is indicated by its iodine 
value. A sample of the oil spread on a watch-glass dried after 9 days 
to a thick, resin-like skin. If the oil is heated to 150^ C. for 3 hours, 
complete drying takes place after 24 hours. The absorption of Qxygen, 
determined by LivachPs method (using copper powder), was 15-8 ])er 
cent after 24 hours for the oil, and 14 per cent after 8 days for the mixed 
fatty icids. 10 grms. of oil at 18° C. mixed with 2 grms. of concentrated 
sulphuric acid gave a Mauniene test of 120° C. 

In the e^a'idin test 10 grms. of the oil, shaken with 5 grms. of nitric 
acid, specific gravity L4, and 1 grm. of mercury, give after three minutes 
a dark-red, dough-like mass. 

Lallemantia oil is used in Persia, Syria, and Kurdistan as an edible 
oil and also as a burning oil. It may find technical application as a 
substitute for linseed oil in the preparation of varnishes. 

^ Richter, Zeitschr.f. chem. Ind., 1887, 230. 


2 Chem. Zeit., 1905, 556. 
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CANDLE NUT OIL 

French — Huile de hmicouher,^ Hidle de noix de Bancoul, Huik di 
mix de chandelle. German — Candlenussol (Kandehmssol), Banknl- 
nussol. Italian — Olio di mci di Battkoid. 

For tables of characteristics see p. 87. 

Candle nut oil is obtained from the seeds of Aleurites moluccana, 
Willd., a tree widely distributed over the tropics ; thus it is found in 
most of the islands of the Pacific, in the West Indies, Florida, and 
Brazil. Probably about 15,000 acres in Hawaii are covered with 
the trees. The fruits resemble ordinary walnuts (“ Kukui nuts ’') in 
their appearance ; their shell is, however, far thicker. The shell is re- 
moved by the natives in a primitive faeliion by drying the nuts on hot 
stones, so that the shell can be readily broken by a slight blow with 
a hammer. According to some writers the ripe seeds are said to be 
injurious, whereas in the unripe state they are said to form a wholesome 
food-stuff of the natives. Seeds (obtained through a reliable source 
from the South Sea Islands) examined in my laboratory ^ contained 
62'25 per cent of oil. 

Practically identical numbers with those contained in the table of 
characteristics were obtained by Kasskr ^ from Fiji candle nuts, the 
seeds of which contained 58-6 per cent of oil. The oil cakes obtained on 
a large scale by expressing the oil from the crushed nuts had the following 
composition (Lewkowitsclf) : — 

r.T (nit 


Oil 8-80 

Moisture . . . . . . 10 00 

Ash . . . , . . 8 28 

Albuminoids ..... 40- IG 

Cellulo.se . . . . . . 1-47 

Carbohydrates (by difference) . . 25-29 


The ash contained 23-52 per cent potassium oxide, and 53-04 per 
cent phosphorus pentoxide. 

The cold-drawn oil is limpid, colourless, or yellowish, has a pleasant 
odour and bland taste, but cannot be used for edible purposes on 
account of its purging properties. ' 

Although the seeds were examined several months after arrival, 
the extracted oil contained only 4 per cent free fatty acids. Its acetyl 
value was 9-86, and the proportion of oxidised acids 0-21 per cent. 

J Ehrococcii vernicia (sec pp. 72, 82) is also termed “faux baucoulier.” 

Chem. Jievue, 1901, 15G. , 

^ Augshnnjer Sei/cnsieder Zeihmg, 1902, 689. 
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The high iodine* value places the oil prominently amongst the drying 
oils. Howe’er, the older statements that this oil surpasses linseed oil 
in drying properties must be (considered as erroneous ; not only is its 
iodine value lower than that of linseed oil, but the proportion of ether- 
insoluble bromides is much smaller. Thus Walker and Warbnrton ^ 
ascertained in the author’s laboratory that the oil yields from 7-28 to 
8*21^3er cent of ether-insoluble brominated glycerides, wliilst the fatty' 
acids yielded from 11-23 to 12-63 per cent ether-insoluble brominated 
acids. 

Candle nut oil is obtainable in enormous {quantities. It is used ill 
its home as a burning oil. It should prove suitable for soap-making, 
especially for the manufacture of soft soa[)s. It may also find applica- 
tion in the manufacture of paint oils and varnishes as a substitute for 
linseed oil. When the price of linseed oil is high, adulteration with 
candle nut oil may occur. Its presence would bo revealed by a some- 
what low iodine value of the sample, and a low yield of etlier-insoluble 
bromides. Smaller (quantities than 20 jier cent could not, however, 
be detected by chemical means. In doubtful cases jiractical drying 
tests must b(^ resorted to. 

Tills oil is also expressed in Madagascar, where the oil is known 
under the name ‘‘ Bakoly oil.” Tins name is doubtless a corruption of 
bancoulier {Aleurites v(oluccaiia). 

The kernels of the seeds of Aleurites woluccnna from the (^ameroons 
contain 6-3 per cent of water and 64- 1 per cent of oil (Fendler^). The 
oil obtained by extraction with ether has a yellow colour and an acrid 
smell. Its specific gravity at 15^ C. is 0-9254; solidifying point, - 15° C. ; 
saponification value, 194-8; iodine value, 114-2; and Kcichert-Meissl 
value, 1-2. The solidifying point of the fatty acids is 15-5° C., and 
their melting point 18° C. 

On comparing these numbers Avith those given for candle nut oil 
(p. 87), it will be observed that the iodine value is considerably lower. 
This is all the more surprising as Feudler states that the oil dries quickly 
when spread in a thin layer. 

Oil obtained from the nuts (“ Kirimi nuts ”) of Aleurites triloba, 
Forst., is known in India under the name of “ Kekuiia oil” ^ (candle 
nut oil). 

Aleurites triloba forms one of the best shade trees in Hong-Kong, 
where it grows very quickly. The roasted nut forms an agreeable fruit. 

Seeds obtained in 1907 yielded on examination in the Imjferial 
Institute ^ 60 to 80 per cent of oil, equivalent to a yield of 19-8 per cent 
from the unshelled seeds. Specimens of nuts examined in the Imperial 
Institute in 1912 consisted of 64 per cent of shells and 36 per cent of 
kernels. The latter contained 68-1 per cent of oil. The following 
characteristics were ascertained : — 

’ Amlyst, 1902 , 237 . 

Zeits. f, Uuiers. d. Nahrgs- u. (remissm., 1903 , 1025 . 

3 Journ. Soc. Chem, hid., 1901 , 642 . , 

' Bull, Imp. Inst,, 1907 , 136 ; 1912 , 44 . 
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8pecific gravity at 15° C. (water at 15^ 

Saponification value 

Jodine value .... 

Rcichcrt-Meissl value 

Insoluble fatty acids -f-un.saponifiable . 

Titer test ..... 


j 1007 Spet.mit n. 1^12 .Spf'c'imon. [ 

-1). 01)274 ^ 0-927 

. 204-2 193-7 I 

. 139-7 I 151 0 ! 

1 98 

90-4 ])er cent ’ | 

17 8° C. I 


The oil is used for soap-iuaking and cloth-niaking. 


STILLINGIA OIL ^ (TALLOW SKKD OIL) 

Fi’ench — lluHe de SdJhvgia. (lerinan — Stdluiguiol. 

Italian— 0//o di Stdlutgia. 

For tables of characteristics see p. 90. 

Stillingia od is obtained from the seeds of StiUingia sehifera, Willd. 
{(hoton scb^fenim, L.), Sapiiun sehiferum, Koxb. In the great Chinese 
centres where vegetable fallow and stillingia oil are manufactured, the 
tree is grafted and yields fruit superior to tliat of the wild tree. The 
latter occurs largely in Formosa, but its cultivation has been entirely 
neglected hitherto. The mesocarp surrounding the seeds yields, on 
being steamed, the Vegetable Tallow of China (cp. below). The oil 
is obtained by expressing the seeds after freeing them from the vegetable 
tallow, and is termed by tlie natives tse-ieou or fwg-yii. The seeds are 
said to yield 19-2 per cent of limpid oil, of pale yellow colour. A 
specimen of seeds examined in the authorbs laboratory yielded 23’29 
per cent of oil on extraction with ether. Of the seeds freed from the 
mesocaip 189 go to make up a weight of 50 grams. The oil has a peculiar 
smell and taste resembling that of linseed oil and mustard. 

The fatty acids separate on standing into a lupiid and a solid portion. 
A specimen of mixed fatty acids examined in my laboratory yielded 
25*78 of ether-insoluble bromides of the melting point 171-1° C. (Lew- 
kowitsch ^). 

The specimen prepared by TortelU ami Ruggeri contained 6-15 per 
cent of free fatty acids (calculated to oleic acid) and 1*45 per cent 
unsaponifiable matter. A specimen examined by Nash ^ contained 
<3-1 per cent free fatty acids and 0-44 per cent of unsaponifiable matter. 
1(X)0 grms. absolute alcohol dissolve at the ordinary temperature 42-8 
grms. of the neutral oil, or 48*9 grms. of the oil containing 6-15 per cent 
of free ^atty acids. 

The most characteristic property of the oil is its optical rotation, 
viz. - 6° 45' in a 200 mm. tube in a Laurent polarimeter, corresponding 
to - 29-9 saccharimeter degrees. 

Stillingia oil has very good drying powers, absorbing 8-72 per cent 
and 12-45 per cent of oxygen after two and eight days respectively in 
Livache's test. It is used in China as a high-class lighting oil and also 
for adulterating Chinese tung oil ; hitherto it has not been exported. 

^ “ Oleum stillmgiae ” is vegetable tallow (of China). ^ A7ialyst, 1904, 112. 

3 Analyst, 1904, 111. 
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WHITE ACACIA OIL ^ 

French — Huile d'acacia hlanc. German — Weiss- Akazienol. 
Italian — 0/m di acacia bianca. 

• The seeds of the while acacia, Robinia pseudoacacia, L., cultivated 
in South Russia, yield on extraction with petroleum ether 13*3 per 
cent of oil. 

Physical and Chemical Characteristics of IPhite Acacia Oil 


Saponification Value. 

Iodine Value. 1 

Reichert ^leissl Valuf' 

192-4 

161-0 

1-2 


Pliifsical and Chemical Chaiactei /stirs of the liisohihle Fall// Acids 


Iii'^olutilc Acids 
+ Uiisapi»iiilmhlc 

Nfiiti Uisation 
Niiinli«*i 

Me.ui Mol.., uUr 
Wol-lU 

Iodine Value. 

91 32 

j 

200 1 

2>0 4 

j 160 7 


The speciiuon examined by Jones contained 0-20 per cent of un- 
saponifiable matter. The oil pos.ses.ses stronif drying power, as is 
indicatetl by its high iodine value. From (he total mixed fatty acids, 
3-7 per cent of solid fatty acids were obtaiiKMl, amongst whicli stearic 
and erucic acids were identified. The Ihpiid fatty acids consist of oleic*, 
linolic, and linolemc acids, linolic acid predominating. Themil is easily 
oxidised on exposure to the air. 


GARDEN ROCKET OIL ^ — DAME's VIOLET OIL 

French — Huile de Julienne. German— /iVg/ocp.vo/. 

Italian — Oho di Hespende. 

Foj tables of characteristics see p. 92. 

The seeds of the garden rocket, llesperis matronahs, L., contain 
approximat^y 30 per cent of oil. The freshly expressed oil is of 
green colour, but becomes brownish on keeping. It is odourless and 
possesses a somewhat bitter taste. 

Garden rocket oil is expressed commercially in France and Switzer- 
land, and is used as a burning oil. 

. ^ Val^itin Jones, Milt. k. k. tcch Oev'crhe-Mustiun, 1903, 223. 

^ Do Negri and Fabns A 7 inah del Laborat. (Vum. delle (Jobclle, 1891-92, 151. 




Physical and Cheniical Cha) acteristics of Garden Rocket Oil 


{)2 


GLYCERIDES — DRYING OILS 


CUAP. 






XIV 


HEMP SEED OIL 


HEMP SEED OIL 

French.— H idle de cheneris. (German — Hanfol. 

Italian— 0//0 di canapa. 

^ For tables of characteristics see p. !lL 

The seeds of the liemp plant, Cannabis satica, L., yield about 30 
per cent of hemp seed oil. The hemp plant is cultivated in France, 
Belgium, Germany, Northern Italy, Turkey, Algeria, North America, 
India, and Japan. The quantities of hemp seed produced in France 
are given in the following table : — 


Cultivation and Production of Henip Seed vi France 


\( 11 ' 

llertin uikL'i 
CuUn.it mil 

1 Kilogiarii'- 

lOOo 

*29,790 

8,, 998. 800 

toot 

2:»,7t)U 

! 7 979,800 

1U02 

21,217 

, 4,918,900 

] 5H):t 

22.970 

9,149,000 

1W4 

•20,771 

1 9.992,700 

1 iiO.') 

19, Ml 

' 8,847,900 

1 OOt) 

18.917 

1 9 442,400 

loot! 

M.902 

9,991,300 

1910 

13,802 

9,718.790 

1911 

1,9,489 

8,821.190 


H»'1AP «ced oil is also produced in Manchuria; but owing to the 
fact that the seed is grown — and harvested- together with other (wild) 
seed, which yields about 16 per cent of a non-drying oil, the Manchurian 
oil is of very low ((uality as regards drying powers. 

The following table gives some statistical data as to the German 
import and export of hemp seed • -- 


Imports into and Exports from German i/ of Hemp Seed 
(In metric tons) 


• Import^ 



Fspults 


Fi’oi# 

1!U1. 

I'U’J 

1 Into 

mil 

1 

mi2 


'I'oim 

Tuns 

1 

1 'J'uns 

{ Tuim 

Austria-Hungary . 

1544 

1147 

! France . 

.1 1276 

1893 

Russia . 

3581 

381G 

Holland 

•! 

449 

China 

• 

284 

1871 

... 

... 




Physical ami Chemical Characteristics of Hemp Seed Oil 



Titsi Test. 

lo G-IG C Lewkowitsch 
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The colour of the freshly expressed oil is light green to greenish- 
Yellow, becoming brownish-yellow on keeping. Hemp seed oil contains 
a few per cent of solid glycerides, most likely palmitin, with a small 
amount of stearin or arachin. The lujuid fatty acids in hemp seed oil 
consist, according to Bauer, Hazara, and Grussner, of linolic acid and 
smaller (juantities of oleic, linolenic (and isolinolenic acids. 

« Pure hemp seed oil is easily identified by its high iodine absorption. 

Hemp seed oil is used as a paint oil, though less frequently in this 
country than on the Continent. The lower qualities of liemp seed oil 
are stated to be used m the manufacture of varnishes ^ (in Russia). 
Considerable (piantities used to be enpiloyed (on the (Vmtinent) for 
making soft soajis, which were characterised by a dark green colour. 

Tlie oil does not furnish a siilliciently hard soap witli caustic soda 
to be used in the manufacture of liard soajis. 


BUCK-TFIOKX OIL “ 

FnmcL — Hiide <le nerprun. Cerman - Kieuzdoi no], Bunjienmjdornol. 
ftalian- di .spina cen'Dut, Oho d} tanino caitartico. 


Pln/sK’id and (Chemical CJuiiarf eristics oj JJuck-tJioiii Oil 


Spt'cillc (iiavity. 

Koicl>fil-Mei'5Ml 

Yrtliie. 

lodmn 

.\f C, 


C.C. A ii(»im 

KUIJ. 

I’l-I Ofllt. 

15 

of 4° = 1) 

1 

1 0 9195 ,^) 

0 89 

155 


Physical and Chemical Chanicte) istics of the Insohdde Fatty Acids 


InsolnblA Acids 
-f Uiisayoiiiliable. 

Mean Molecular, 
Weight. 

Iodine Value. 

Acot} 1 Value. 

* Per cent. 

Per cent 

95 

288-9 

160-6 

25-8 


This oil was prepared by extracting with ether the seeds obtained 
from the berries of the purging buck-thorn, Rhamnus cathartica, L. 

^ Lidoir, Chtm. Itevv^, 1900, 120. 

2 N. Krass^vvski, Juar?i. Russ. Phys.-Chevu Ges., 1905, xxxviii. 144. 
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The oil thus obtained had an acid value of 5-64 and contained 0-59 
y)er cent of unsaponifiablc matter, of which 0-48 per cent consisted of 
“ phytosterol ” and 0-11 per cent of a hydrocarbon, melting at 81-82° 
C. and belonging to the ethane scries. A detailed examination of tlie 
fatty acids gave the following result : - 



her cent 

Volatile fatty acids 

0-21 

Steal ic acid 

0.00 

Palmitic acid 

112 

Oleic acid 

30-10 

Liriolic acid 

35 2 

Lmolcnic acid (and isolinolcnic ? acid) 

22-4 


The low spe(‘ihc gravity of the oil hardly corres])onds with this com- 
position. 


BUUDOCK oil.— BOR OIL 

French— //////c dc Jmrdane. (lerman — Klc((e)isa)iie}i(il 
Italian- Olio <U bardaiia. 

This oil ^ IS obtained from the seeds of Lappa minor, D.C. (Arctkim 
Lappa, L ). The seeds are of the size of linseed, but have a moie 
spherical form. One litre of seeds obtained from the CharkofF district “ 
weighed 6U grams. They consisted of 4G-4 per cent oi husks and 
53’6 per cent ot “ meats " The total seeds contained 1 1-8 ])er cent of oil 
The pressed oil is jijde yellow. It has an odour resendiling that of 
linseed oil, and a somewhat bitter taste. The specific gravity of the oil 
at 17° C. is ()'9255 ; its saponification \alue, 196-6; its iodine value, 
153-6 ; and its Rondiert-MeisA value, O-ilb. The iodine valu(‘ of the 
insoluble fatty acids is 162. The acid value of the specimen examined 
by Li doff ^ was 2-0 


GYNOl'ARDTA OIL*'^ 

French — Hade de gijnocardia. (lerman - Ggnovaidaiol. 

Italian— 0//o di (jyaocardia. 

For table of characteristics see p. 97. 

The oil is obtained from the seeds of Gynocardia odorafa, R. ^fr. Up 
to the year 1900 chaulmoogra oil was generally believed to be derived 
from the seeds of Ggnocardia odorata. Hence in the earlier literature 
gynocardia oil was described as identical with chaulmoogra oil, until 
Power, by a close investigation of the oils derived from the seeds of the 

' The production ot tliin oil, as also of popp}, nettle, and mallow seeds, Ly “ e.\- 
pression,” was cl.aiiued Ly Enjihsh patent 711, 1717 (T. Smith). 

- A. P. LidolT, Chem, Zeit. Rep,, 1904, 161 ; cp. also Iwauow, luiihen-Ze}t., 1912, 
2334. 

Power and Barrowcliff, Journ. Chem. Sor., 1905, 896 



XIV 


GYNOCARDIA OIL — MANKETTI OIL 


r 


97 


chaulmoogra family, and of the oil procured from genuine seeds of 
Gynocardia odorata, firmly established the characleiisties (ff each indi- 
vidual oil. In contradistinction to the oils belonging to the chaulmoogra 
family, Gynocardia oil is optically inactive. 

Gynocardia odorala is a native of Sikkim, Assam, and Chittagong in 
Bengal. In Assam the oil is sometimes ex])ressed by the natives. The 
Wiells form 37 per cent of the total weight of the seeds. The kernels 
furnish by exjn’ession 19*5 per cent fatty oil ealeulaii'd on the entire 
seed. By cxtra(;ting the powdered seed with ether the yield of oil 
rose to 27-2 per cent. 

Gynocardia oil is, at the ordinary temperature, a liglit yellow liquid, 
resembling linseed oil in its odour. 

The acid value of the expressed oil was ■1-9, and of the extracted oil 
5 0. The unsaponiliable matter was identified as “ ])hytostcrol.” 
'the mixed fatty acids (‘ontained very small ])ro])ortions of volatile 
acids, amongst which formic and acetic acids wen^ recognised. The 
insoluble acids were found to include ])almitic. acid, oleic acid, linolenic 
acid (and isolinohmic acid?). The li(|uid acids yielded the oxida- 
tion prodiK'ts : diliydroxystearii*, acid, tetrahydroxystearic acid, and 
isolinusic acid. 

Gynocardia oil is a good drying oil. 


r/iysical and Chenimd (^Iiaiacfci ibtic^ of Gi/nocaidia Oil 


% 

Spi‘( iIk 

Oi.uily 

SapoiiilH .itmii \ ,iliic. 
Mnnu.. KUII 

Indiiu" V.ilue. 

[Vi (Mil 

Ex[)i 'ss(jd oil . 

At ^ C 

0-925 

197-0 

152-8 

Extiaor' il oil 

25" 

0 927 

199-6 

__J 

152 0 


Phijsical and Chemical Chai adcridicb of the hiboluhle Faffi/ Acids 


NciitinliMition \ahio 

lodiii.- \alm‘ 

Molin'! KOlJ 

I'd - Mil 

199 8 

J62 6 


]V&NKETTI OIL, MUNKUETTI OIL, NSA-SANA OIL 

An oil very nearly related to Manketti oil was first obtained from 
the kernels of “ Nsa-sana ” seeds from West Africa. The seeds were 
stated to have been derived from a species of Aleurites, viz. Ricinodendron 
africanum (Imperial Institute ^), or Ricinodendron Heudelotii, They 

1 IMl. Imp. Inst., 1907, 369 ; 1909, 868. 
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represent small round nuts, containin" inside, surrounded by a very hard 
and thick shell, a white soft kernel. The seeds consist of 71 parts of 
shells and 29 parts of kernels. The total yield of oil from the seeds 
was 14 per cent, the yield of oil obtainable from the kernels bein^^ 
47 per cent. A. Hebert ^ examined specimens of Riewodendron 
afrlcanurn seeds which yielded only 8-7 per cent of oil calculated on 
the fruits, althouf^h they contained 35 per cent of kernels. As the 
specimen of oil examined by IHdjcrt is sl.ated to have liad an iodine 
value of 87-(), doubt must be thrown (in view of determinations by other 
observers) on the genuineness of the specimen. Hence HlRc} ds numbers 
are not re])roduccd here. The following characteristics were given for 
specimens examined by the Imperial Institute in 1907 and 1909 : — 



IMUT. 



Spceitio gravity at 20° 0 

0 9320 

0 9317 

Saponification value ... . . 

191-() 

I 181 7 { 

Iodine value 

U7 7 

j 1482 

Insoluble fatty acids -|-unsaponifiahle, ])er cent . 

95-20 

1 94 1 

Titer test of fatty acids, ° ! 

35-7 

34-5 : 


The oil dries on exposure to the air at the ordinary temperature; 
in one day and leaves a wax-like residue. The expresseul cake is unsuit- 
able for cattle food, probably owing to the presence of an alkaloid. 

Marly in 1911 fruits of Ricivodendrov Rmithaneuii, S(‘hmz, oi’iginating 
from the Manketti tree, a native of (lerman South-West /Mk-ica, wiue 
brought to Europe, and the most extravagant statmnents as to the 
extent of the area occupied by the tree, and tin; value of tin; oil, were 
made (and are still being made) in the daily jiress. As the yn9d of the 
oil from the whole nuts (seeds) does not amount to more than 5-5 per 
cent, it would appear to be hopeless to consider, from a commercial 
point of view, tlie working up of the seed, especially since tlie price of 
linseed oil, which induced these (not entirely unmt('restcd) statements, 
has fallen considerably. 

Specimens of the seeds examined by the author gave 35 ])er cent of 
shells and 65 ])er cent of kernels ; the oil calculated to the whole nut 
did not e.xc.eed 5-5 peu* cent. 

Fruit examined by GrinuHc " showed that it consists of the following 
components : — 



I’or cent. 

Exocarp and mesocarp 

32 fi 

Endocarp .... 

51-5 

vShcll burrounding the seed 

. „ 5-9 

Oleaginous kernel 

10 00 


The seeds consisted of 37-1 per cent of shell and 62-9 per cent of 
kernel ; the latter yielded by extraction with ether 51-5 per cent of oil, 
hence the yield of oil from the total seed is 32-3 per cent, and calculated 
to the total fruit 5-15 per cent. 

^ Les Matiercs (Jrasacs, 1911, 2108. 


" Cheni. Iteviu', 1913, 1. 
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The uii has a pleasant nutty odour, and mild taste. The following 
characteristics were ascertained by Grimnie and Thoms 


Oil— 

Specific gravity at IS'' C. 

Solidifying ])oint .... 

Saponification value 

lodmo value .... 

Reichert- Moissl value 

Titration number insoluble volatile acids 

Refractive index at 15" (J. 

Acetyl value 

Falty Acids— 

Insoluble fatty acids {-unsajionifiabh' . 
Solidifying point .... 
Melting point .... 
Mean molecular weight . 

Iodine value .... 
Refractivii index at 50" C. 


(jIUlllIlt . 


0 9280 

- 8" to - 10° 0. 
194 8 
1:14 8 
1-24 

0 50 

1 4805 


91 8 per cent 
;i5-:io" (’. 

41" (’. 

285 () 

197 () 

1 4()94 



WALNUT OIL — NUT Oil. 

French — lluilc dc noix. (h'niian — Nussol, Wallnussol. 
ftalian— O/to ih nocc. 

For tables of characteristics see pp. 101, 102. 

Til's oil is obtained from the seeds of tlie common walnut tree, 
Jiii/lans leyia, L. The fruit intended for the pn'paration of the oil 
must be. allowed to ripen fully and kept two to thri'e months before being 
])iessed, as fresh seeds yield a very turbid oil, ditiicult to claiify. The 
Isernels contain from 63 to 65 per cent of oil. According to H Kiihl ^ 
(lernian walnuts yield 56-78 per cent of oil, French walnuts 60-71 per 
cent, Tlic (lorman nuts arc stated to contain F.)-19 per cent of protein 
and 3-12 p(‘r cent of nitrogen, whereas the French contain nvsjiectivcly 
only 17-63 and 2-82 per cent. The (-old-drawn oil is almost colourless, 
or of a pale yellowish-green tint, and has a pleasant sim;!! and an agrc'e- 
able nutty taste ; tlie hot-pressed oil has a greemsli tint and an acrid 
taste aad smell. 

The solid glycerides of walnut oil are stated to contain myristic and 
lauric acids ; ^he liquid fatty acids of the oil consist chietly of linolic 
acid, and of smaller quantities of oleic, Imolenic (and isolinolemc ?) 
acids. Hehner and Mitchell obtained from 1-42 to 1-9 per cent ether- 
insoluble brominated glycerides in the bromide test. The statement 
made by Kebler that a sample of walnut oil liad the Reichert- Meissl 

^ Arb/>. ff.d. Pf/ann. Just. d. Unir. IJciltn, 1913 (9), 225. 

- Phynii. Zcif., 1909 (54), 58. 

Amcr. Juuni. Phami., 1901, 73, 173. 
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value 15, requires (‘confirmation ; all the more so as the saponification 
value of the sample was 11)0-1 to IDO- 5. The “ phytosterol ” isolated 
from walnut oil appears to be identical with sitosterol,^ and has the 
ozone value 24‘81. 

One part of walnut oil dissolves in 188 parts of cold, or in about 
60 parts of boiling alcohol. On cooling, crystals separate from tlie 
solution. 

Walnut oil has good drying jiowers. Its comparatively liigli y)ii(‘c 
acts as an incentive to adulterate it with linseed oil. 'I'he latter is 
detected in a sus^iected sample by a higher iodine valve than the normal 
one, and a yield of ethe r-insolubh^ brominated glycerides (or acids) 
exceeding 2 per cent.“ The presence of codon seed oil, sesame oil, and 
arachis oil is indi(‘ated by a low iodine abs(3r})tion. Confirmation is 
obtained in the case of the first two oils by their characteristic colour 
reactions, and in. the case of arachis oil by the arachidic acid test. 
Walnut oil, in its turn, is used as an adulterant of olive oil, its higher 
iodine absorption being “ correccted ” by the addition of lard oil. 

The best qualitii^s of walnut oil are almost colourless ; su(‘h oil is 
therefore preferred to any other for the making of white paints for 
artists. These paints are h*ss liable to crac^k than the paints made with 
linseed oil. Toppy seed oil, which is also used in the jireparation of 
white paints for artists, is dilferentiated from walnut oil by not yielding 
ether-insoluble brominated glycerides. Walnut oil containing notable 
amounts of free fatty acids is unsuitable for making paints ; such oil 
finds an outlet in the manufacture of soft soajis. 

Bellier ^ bases the detection of poppy seed oil in walnut oil on the 
different solubilities of their mixed fatty acids in 70 ])cr cent alcoliol 
at 17'^-1D° C. in the presence of a definite amount of potassium acetate. 
Poppy seed oil contains more solid fatty acids than walnut oil, and 
therefore gives a more abundant jirecipitate. The test is made as 
follows : — 1 c.c. of the oil is warmed with 5 c.c. of a solution of alcoholic 
potash, containing 10 grins, in 100 c.c. of 92 per cent alcohol, until a 
clear solution is obtained. The test-tube is corked and warmed in a 
water bath for half an hour to 70"^ C. Then so much of a 25 per cent 
solution of acetic acid is run in, as is reijuired to neutralise exactly the 
5 c.c. of alcoholic potash solution (this must be ascertained in a blank 
tost). The test-tube is then corked, placed in water of 25“ C., finally 
in water of 17“-19° C., being shaken freijuently. Pure walnut oil gives 
only a minute precipitate, which hardly covers the bottom of the test- 
tube, whereas poppy seed oil yields a copious precipitate. Bajavoine,^^ 
however, foumi that only from 20 per cent upwards of poppy seed oil 
can thus be detected in walnut oil. Moreover, rancid oiJ,s seem to give 
a more copious precipitate, in even a shorter time, than neutral oils. 

^ A, Menozzi and A. Moreschi, Rend. R. Accad. del Lincei, 1910 (xix.), 187. 

Halplion’s method {Jlu//. Soc Chem., 1905 (85), 571), viz. to add to the sample 
hromine in carhon-tetraehloride solution, i.s a inoditication of the hromide test (Vol. I. 
Chap. VIIL). Being a qualitative te.st, small amounts of linseed oil would escape 
detection. 

^ Ann. chim. appliq.y 1905, 52. ' 

^ Journ. Suisse de (Jhimie ct PJumnacie^ 1906, 16. 



XIV 


WALNUT OIL 


107 




'102 


GLYCERIDES — DRYING OILS 


CHAP. 


Physical ami Chenitail Charade) isfics of the Insolahle Fatty Acids 
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Liquid Fat.ty Acids 
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Blasdale 
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Tortelli 
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Ruggeru 


BeJliers method is not an exact one, and can only . 1 , 0 vc roii^^li 
indications when all other methods fail. BeUier proposed tins 
metliod with a view to detectin<]j also other vegetable oils, such as linseed 
oil,^ cotton seed oil, sesame oil, ra])e oil, arachis oil, olive oil ; but the 
methods j^iven above will be found much moi'c; reliable. 

FoacJiet ^ examiiu'd a specimen of oil obtained from the seeds of a 
cross between Jtajlans nigra and JngUnis rnierea. TIk'V yii'ldetl HO ])(U' 
cent of an oil having the followin'^ characteristics : — 


Specific gravity ..... 0 1)25 

Saponification value . 11)1 

Iodine value . . 151 

Refractive index at 22’ C. I 47()5 

Rotary ])ower ..... 0 

Critical teniperai.iire of di.ssolution in alcohol . 71° C. 


Fouchet states that this oil contains stearic, oh'ic, Imolic, a,nd liuolenic 
acids. Linolic acid is said to form about 70 y>er cent of the total 
fatty acids. 

The fatty oil of Jaglans nigra, L., is described under the n,ame of 
“ Pe(;an oil ” (Paccan oil) on p. 22G. 

^ All oil sold a.s “hiiile do noiseline ” i.s a luisoetl oil containing a low jxir cent of 
nut oil 

“ Bull. Baences BJiann., 1911 (xviii.), 529. 
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ARBUTE SEED Oil. — ARBUTUS UNEDO OIL ^ 

F rencli — Hmle (Vai house. German — Sandbceren ol. 

Italian— 0//o di corhezzola. 

The fruits of Arhutus tuiedo are used (near Perugia) for the com- 
•nercial production of alcoliol. Tlie fatty od constituting ])cr cent 
of the seeds is retained in tJie still residue. Tlie insoluble fatty acids 
(including the uusaponitiahh' matter) amount to 92-5 ])er cent. They 
consist of ])almitic, oleic, linolic, and isolinolenic acids, the two latter 
jiredominating. The ({uantitativc examination of the fatty acids 
carried out according to llazura’s method is stated to have yielded 3-13 
])cr cent oleic acid, 53*75 ])er cent linolic acid, and 24*33 per cent iso- 
linolenic acid. It sliouhl, however, he pointed out that this composition 
(xinnot bo reconciled with the iodine value. 


P/ujsicul aud Cheiuiml Characteristics of Arhutus Jhiedo Oil 
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LINARIA OIL 


French — Hade de Jiiiaire, Iluile de liu saurage. German- 
Leiukrautol. Italian — Olio di huaria. 


The seeds of Linaria reticulata (belonging to the Autirrhiucrv) contain 
‘)7-5 pin* cent of linaria oil. Fokin states that the oil yields no linolic 
acid. 


Physical and Chemical Characteristics of Linaria Feed Oil 


p 




Spi'cilic Gravity 

Sa](()iiili( atinii Value | 

IndiiK' Value. 

t ' 

At ‘’C 


Mj'iiiih. KOlI. 

I’or c('nt. 

20 

1 

0 9217 

188 6 

140 0 

(water at 









’ Cl. Sam, n/V It. Aa'iiil. dei Lincct, lionu>, 1905, xiv. |2], 619-623 ; Cheiii. 
<*rnlrtdhl., 1906, i. 373. ^ Fokin, Chevi. Revue, 1906, 130. 
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, Phjaical and Chemical Characteridics of the Insohihk FaWj Acids 
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SAFFLOWER OfL — S A EFRON OIL 

Fronvlx— Hmle de carihame. Cermaii — Aajlorol, 

Italian — Oho di cartamo. 

For tables of chara(‘teristi(vs see pp. 107, lOS. 

For table of characteristics of Indian oils see p. 100. 

Safflower oil is obtained from the seeds of Carlhamiis hnctonus, 1^., 
a plant until recently cultivated all over India for the preparation of 
the saffron dye. The chief localities wJi(‘,re the ])lant is ^rown aie 
Bengal, Hyderabad, Cawn])ore, Bondiay, and the Funjab. Two 
distinct varieties are grown, Cutlhamus iincforias and Carihanms or[f- 
acantha. The characteristi(*s of the oil from C’. tindorius from Mombo 
(German East Africa) do not differ from those given below for the 
Indian seeds d 

Leather ^ ascertained in a number of sam])Ies obtained from different 
provinces of India the proportion of oil. His ri'sults are summarised 
in the following table : 


Distiict 

! Number o| 
j .Sanfiplrs 

(111 

I’ci ( out 

1 W. Igbl ol 1(K) Sec 
1 Oiam^ 

1 

Central ProvinecH 

. ' r. 

23-r;4-31-82 

, ^^405-(^774 

Bombay Bresiibmcy . 
Madras Prcsideney 

1 9 ! 

28 79-32-23 

i 4-21 -5 516 

S 

23 88-33-55 

! 2-973-4-622 

United I’rovinci's 

0 i 

27-94-29-78 

1 3-348-4-930 

Bengal . 


22- n 

j 3-209 


> Foiidlcr, (j/iaii. Zci/., lUOl, No. 71. , 

Menioiis of the Drpditioent nf Affriciilhire ui /ihIki, Marclt 1907. 



XIV 


SAFFLOWER OIL 


105* 


The cultivation of the plant has also been extended to Egypt, the 
Caucasus, and Turkestan, and seems to be on the increase in tliese 
countries. The seeds contain as a rule from 30 to 32 per cent of oil,^ 
but owing to the thick husk, only 17 to 18 per cent of the oil are obtain- 
able by pressing. The press cake contains, therefore, a large amount 
of woody fibre, as is shown by the following analysis of a pressed cake, 
prepared by the author on a semi-large scale. 



Per cm! 

Alhuminoida 

. 20-11 

Oil 

. 1101 

Starch, sugar, etc. 

. 10 83 

Woody fibre 

40-7.5 

Moisture . 

. 11-GO 

Ash .... 

. 4-80 


This analysis points to the necessity of first decorticating the seeds, 
so as to lay bare tlie kernel which forms 40 per cent of the seed. S})ecial 
ma(;Ianery is required for this ])urpose, the ordinary Anglo-American 
rollers having been found unsuitable on account of the ('xtreme liardness 
of the husk. An exjicriment carried out on a semi-large scale ^ with a 
special machine yielded over 31 per cent of kernels meats ”). 

The oil IS pr(‘.pared in India on a small scale from two kinds of fruits — 
the cultivated wliite and glossy form, and the small fruit of a mottled 
brown, grey, or white appearanc'e. The oil obtained from the cultivated 
variety liy expression in the cold is jiale yellow ; it has a })leasant taste 
simulating t hat of sunHower oil, so that it can be largely used for edible 
purposes, (jonsitlerable (piantities arc pressed in India togetlier with 
other seeds, esjiecially arachis nuts. 

The saturated fatty acids of safllower oil consist of palmitic and 
stearic <cuds, as ascertained by fractional precipitation with magnesium 
acetate nf tliose acids which yield lead salts insoluble in etJier. The 
high iodine value of tlie oil ])oints to large amounts of unsaturated acids. 
Le Sueur, ^ examining the oil by the oxidation and brommation methods, 
states that tin' li<]uid fatty acids consist of oleic and Imolic acids ; no 
evidence of tin; pri'sence of linolenic acids was obtained. Walker and 
Warburlon, however, a.scertamed in the* autlior’s laboratory ^ that whilst 
the oil yields no ether-msoluble brominatial glycerides, the fatty acids 
give from 0 G5 to TGb per cent of ether-insoluble bromides. TylaikojJ 
confirms the jiresence of oleic and linolenic acids by their oxidation 
products ; as also that of Imolic acid by isolating linolic tetrabroimdc. 
The iiAsaponifiablc matter in several speciimms of oil examined in my 
laboratory amounted to 1-5 per cent. The true acetyl value of .several 
samples was iound to be 16-1, 12-85, and 1 2-78 {Lewkoivilsch). Tn view of 
the importance this oil may acquire, a number of analyses, which have 
been summarised partly in the table of characteristics, may be added 
here. 


."iQO. 


Memoirs of (he /fcpditmeiii oj Atjncullme in India, Match 11107. 

Cp. Ijcwkowitscl), “ iVoblenis m the P’at liHlustry,” Joitrn. Svr. ('item, hid . 1903, 

Joarn. Sor.. hem. hid., 1900, 104. 


^ Anahisf, 1902, 237. 
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Physical and Chemical Characteristics of the Insoluble Fatty Acids 
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Safflower oil possesses good drying powers, and although it cannot 
replace linseed oil in all its applications, it should certainly form a 
substitute for it in many instances, and find extended use in the manu- 
facture of soft soap. In Livache’s test the oil absorbed 0-4. per cent of 
oxygen after two days (TylaikojJ). 

Safflower oil is lieated by the natives to obtain an oil suitable for 
the preservation of leather vessels, ropes, etc., wiien exposed to the 
action of water. A specimen of oil thus ])r<‘,pared had llie specific 
gravity 0’9634, the saponification value 188'0, and tlie iodine value 
128-9, It therefore represents a kind of “ boiled oil.” The special 
process of preparing this “ boiled oil ” is carried out in India as follows: — 
The seeds of the wild safflower, Carthamus oxyacantha^ are expressed 
in the hot, and the oil is boiled in earthenware vessels for t,welve hours, 
during which time considerable quantities of acrolein volatilise. The 
“ boiled ” oil is immediately placed in flat dishes, partly filled with- 
cold water, so that it solidifies to a jelly-like thick mass termed 
“ roghan ” (Afridi wax). This “ boiled oil ” is employed by the natives 
in Lahore, Delhi, Bombay, and Calcutta for the manufacture of “Afridi 
wax linoleum.” It is also used by the natives for drawing , artistic 
designs on woven cloth, the production of which was considered for a 
long time a valuable secret. The pattern is made (by tjje natives) by 
means of finely pointed staves dipped in the “ roghan,” which is di’awn 
out in very fine threads, and so deposited on the cloth. When com- 
pletely dry, it forms an indelible pattern. 

Considerable quantities of safflower oil are used as a burning oh, 
notably in Egypt. 
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KAYA OIL ^ 

French — HulIc de Ka;f<i. (Jcrinan- Kaijdol. 

Italian- ^>//o dl Kdf/a. 

Tliis oil in obtained from the seeds of Torreya nucdfera, S. and Z. 
^Taxaccfn), a plant growing wild in the mountainous regions in sev(‘ral 
districts of Ja])an. The seeds are of long oval sliapc with ])ointed ends, 
1 -5 to 2-5 cm. long, and weigh on an average I gram. The black coloured 
liusks are veiy hard, and enclose a ])ale yellow kernel covered with a 
rialdish brown skin. The seeds consist of 32 per cent, of husks and 
G8 p(u‘ cent of kernels. The kernels contain on an average 
Moisture, 2-67 to 5-04 per cent ; oil, 51-07 to 51-70 per cent ; 
ash, 2-20 to 2-29 per (‘ent. 

Th(‘. oil is ])rei)ared commercially by steaming and pressing the 
comminutcal seeds whereby about 13 ])er cent of oil (by volume) are 
obtained, ('old-pressed oil is ])ale yellowg and has a faint odour and 
a mild taste. Commercial oils arc yellow and have a faint resinous 
odour. 

Tlic following characteristics were obtaimal in the examination of 
cold-prcssed and commercial oils . — 



Cold-prossed 

Coiniiiorcial Oils. 


Oil. 

I. 

11 . 

Oil 

gi.U)ty ill 15” (' 
.■’.i})ciiiiti(Mtion value 
]udiiu“ value 

K(‘iclieil-]\leissl value 

Kelia( tivc imlex at 20” C. 

0 9238 

188 1 

1 12 2 

0 93 

1-477 

0- 9233 

1 88 3 

138 0 

1- 4700 

0- 9244 
1S8'0 

133-4 

1- 4757 

Fatty A Old a — 

Insoluble acids -funsapoiiiliable 
8j)ceifie gravity at 98” C. . 
IS^eiitrahsatioii value 

Mean molecular weight . 

Iodine value .... 

95-7% 

0-8509 

192 81 

290 96 

149 6 




Tlie acid values of the three specimens were 1-5, 4-2, and 12-7 re- 
spectively. 

The insoluble fatty acids deposited at the ordinary temjierature 
some crystal^, whicii melted into the oily part at 25° C. In the elaidin 
test no solidifu'ation was observed after two hours ; at the end of 
twenty-four hours only a small deposit of buttery consistence was 
ol)tained. The mixed fatty acids contain stearic acid and linolic acid 
{Kametaku^). The fatty acids arc stated by Seuchi Ueno to consist of 
9 per cent of palmitic and stearic, 19 per cent of oleic, and 72 per cent 
^ Tsiijunoto, yourn. Coll. Kwj. Tokyo, 1908, 83. Ibid., 1908, xxv. Ait. 4. 
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of linolic acids.^ When the oil is heated in a thin layer at 100° C. for 
three hours, it Klries to an elastic film. A “ boiled ” oil prepared by 
heating with manganese borate or resinatc dries completely after 
twenty-four hours at the ordinary temperature. 

In the bromide test no ether -insoluble hexabrornide was found. 
KanieJaka obtained a tetrabromide, melting at 114° C., hence the 
presence of linolic acid is proved. « 

Tlie cold-drawn ” kaya oil is consumed as an edible oil ; the 
c.ommercial (pialities are used for burning, in the manufacture of papers, 
and as an insecticide. 


INUKAYA OIL (b^BIC OIL 


F rencli — II title d’tnnkatja. C erman - I n ukayaol. 
Italian — Olio <li invkaya. 


This oil is obtained from the seeds of the inukaya tree, Cephahlaxun 
drupacea, S. and Z., an evergreen plant belonging to the family of 
Taxaceoi. The seeds arc of small ellipsoidical shape ; they weigh on an 
average 0-59 grin., and consist of 33 per cent of brown liusks and 07 
per cent of light brown kernels having a resinous odour. The kernels 
contain : — Moisture, 4-57 per cent ; oil, 07-1 per cent ; ash, 2-2 })er cent. 
The oil (called “ behe ” in the Shiga and Fukui districts) is prepared by 
steaming and pressing the powdered seeds ; it is chiefly manufactured 
in tlie northern parts of the Shiga jnefecture. 

The cold-drawn ” oil (prepared in the laboratory) was a light 
yellow oil of slightly resinous odour, which did not solidify at -15° C. 
The following characteristics were determined . — 


{SptK’ilic gravity at 15° C. 
SaporuKcation value . 
lodino value . 

Refractive index at 20° C. 


0d)250 
188 5 
130-3 
1-470 


Inukaya oil resembles kaya oil in many of its properties, but dries 
less readily than the latter. ' 

On account of its resinous odour the oil cannot be used as an edible 
oil. It is employed in the same manner as commercial kaya oil. 


ECUINOBS OIL (thistle ^ SEED OIL) 

French — Haile de chardon. Oerman -Ac/iLmyMo/. 

Italian — Olio di echivops. ^ 

The seeds of Echinops ritw, D.O. (a plant belonging to the family of 
Cooiposttw, and indigenous to Asia and the Mediterranean), yield 27-5 
per cent of this oil. 

^ Chem. lienic, 1913, 208. 

“ Tsiijimoto, Join/u Coll. Kng. Tokyo^ 1908, 85. 

'this must not 1)K coiilouiuled with “Ca.stilla tlii.stle ” oil from (hjiutja cfcrdiiiicu/as. 
See table, “ Jics.ser known nou-drying oils." * 
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The characteristics found by Wijs ^ in specimens of the oil, containing 
4-4: per cent and 7*3 per cent of free fatty acids respectively, arc ^nvcn 
in the following tables. 

The oil absorbs 9 per cent of oxygen ( 1IVy/c/-’.s' method). 1000 c,.c. 
of absolute alcohol at 15° C. dissolve 51 grms. of tlu' neutral oil (frc'cd 
from fatty a(ads). The acetyl value of one s])ecimen was 2G-5. 

• The oil gives neither the JIalphen nor the Bandomn reaction. 


Physical and Chemical Characteristics oj Echmops Oil 


Specific Gravity. 

Sa])onification Value 

Iodine Value 

At 20“ C 
(Watei 4“-; 1) 

MgrniH KOH 

Per cent 

0-9280-0 920a 

189 2 190 

1 

138 Mil 2 


Physical and Chemical Characteristics of the InsoluUe Fatty Acids 


Melting Point. 

Noutialisation 

Value 

Mean Molecular 
Weight 

lodiiK' Value 

•c. 

Mgrins. KOH 


Per cent 

1 

11-12 ^ 

192-3-1 92-9 

291-292 

139-M43-8 


SOJA BEAN OIL, SOYA ^ UEAN OIL (SOY-UEAN OIL, BEAN 
OIL, ('TIINESE BEAN OIL) 

Krencli -Haile de soya, Hade de soya, (lerman- Haaholineafeit, 
Sojahohaenol, (diinesisches Bohaenol. Italian- Oho di sota. 

Tor tables of characteristics see ]). 1 IG. 

This oil is obtained from the seeds of Dotirhos soja, L , Foja hispida, 
Siei). et Zucc., Soja yaponica, Savi, Clycnic hispida, Maxim Sachnea 
bean”#), Glycine Soja, L., a ])lant indigenous to China, Manchuria, 
Korea, Japan, Formosa, and IndodJiina,^ where the oil and tlie exju'cssed 
cake have ab^ays been used for edible purposes.'* 

' Zeds. /. Unters. d. Ndhnjs- n. (Jeiiii.ssm., 190;5, 492 

- 9’lie TiUliii name “Soja” lia\ing been pionounced iii tins country “Soya,” the sprll- 
niji; “Soya” has been adopted as the oHieial one liy tlie (’hanibcrs ot Oomtiierce in this 
country 

•’ Hidlfini Eamomique dc 1’ Jiidit-Chiiir, December 1900; Les (’idtum unuit"^ tin 
Ton I in, Hanoi, 190o. 

‘ 0. Nagel, Journ. Soc. (%’in. Ind., 19()d, Idd?.' For .soya bean prepaiations see 
K. Salto, ZcutralW. f. Btiktencii nnd I'aiasdcHknndc. 1900, ii 17, 20, 101, 102. 
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Tlic induBtry of the soya bean still forms one of tlie most important 
manufactures of Manchuria,^ and of Japan. In China the soya bean 
has been cultivated for at least 4700 years, the Emperor Sheu Nung 
having planted the soya bean about 2800 n.c. Four varieties of soya 
(teou ; tau) are known in China, namely, white {pah), yellow (houang), 
gL'ccn (tsin), and black (hei). In Manchuria the beans ure soaked 4n 
water ovc^r night, then crushed and ])oiled with a litth'. water, so as tg' 
burst the oil cells. The oil is then expressed in the most primitive 
fashion ; hut owing to the long time the (*ak(^s are allowed to remain 
in tJie [)rcsses the yield of oil amounts to 13 per cent, whereas modern 
machinej-y (Anglo-American presses) yield no more than 10 ])er cent. 
The expressed meaHs made in the Far East into bean-(;akes or bean- 
cheese (Chinese, Teou-fou-tcha ; Ja]>anese, Tofu), which not only 
constitute one of the sta])le foods of the country, but foi’m an important 
article of ex])ort. Thus in 1903 there were shipped from Newchwang 
alone 190,080 tons of beans, 0000 tons of soya bean oil, and 273,000 tons 
of bean cake.“ 

The plant is also extensively cultivated in Japan ^ Tjie extent of 
the soya bean industry in Japan may be gathered from tlu? fact that 
there exist in that country no less than 11,000 mstallations, in whicli 
about two and a half million hectolitres of beans are exjiressed and 
treated per annum, by a kind of fermentation (with the aid oi A.sjjcrg'illas 
orgzce), for the jirejiaration of SJiojoii and Miaa, Ihjuid condiments 
extensively used by the population.'* The demand lor soya is so great 
tliat the Japanese home jiroduction, estimated at live to seviui million 
hectolitres of beans per annum, does not sutHce, and therefore beans are 
imported from Manchuria and Korea. 

The following table gives the quantities of beans exported to Japan 
before the large shipments to Europe (see below) took plaei', • — 


Ycai. 1 

Ihculh •'* 

Value III Dullais. 

1902 

1,085,000 

1,629,000 

1903 

3,239,000 

3,807,500 

1904 

3,654,000 

4,001,500 

1905 

3,073,000 

4,575,000 

1906 

4,336,000 

6,458,500 

1907 1 

5,501,000 

8,715,500 

1908 1 

7,761,000 

10,823,000 


In addition thereto considerable quantities of oil and bean-caRe were 
sent to Japan. 

• 

^ ^ A. ITosui, Manchitna, Mctliuen mid Co., TiOiidoii, 1901. Cp. Jilso Jinirn. Soc. 

Chem. Ind , 189.‘J, 769 ; 1901, 642. N. Sliaw, The Soya Bean huhishy of Man- 
chvitu, P. S. Kins Hiid 8oii, 1911. 

" Tlu'^e stati'stical data aie not leliablo. 

•* Po/zi-K&cot, Hemic (jeit. de ehim. }nn et appl., 1902, 04. 

' Cp. Suzuki, Aso, and Mitarai, Bui/, CoU. Aync. Tokyo Imp. U)iu\, 1907 (7), 477. 
An apparatus lor prepaiing soy sauce has been patented liy Suzuki, French patent 
377,294. 

One picul = 133*5 lbs. * 
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Early efforts to ship soya beans to Europe were abandoned on 
account of the deterioration which they underwent on the long voyage, 
as also on account of the difficulty of disposing of the cakes. 

Later efforts, after the conclusion of the Eussian-Japanese War, 
during which enormous quantities of soya beans had accumulated in 
Manchuria, were more successful, and owing to favourable shipping 
(Conditions, it became ])racticable to send enormous quantities to 
’England, which were readily taken up by the existing oil-crushing mills. 
Thus the export of soya beans from Manchuria became rapidly and 
firmly established, and immediately developed into a trade of enormous 
dimensions. 

The first sliipment to this country arrived in the autumn of 1908. 
The quantities shi])ped during the follownig years to hiurope were : — 

Toii.s. 

1009 400,000 

1010 500,000 

1011 . . . . 340,000 

The quantities given for 1909 and 1910 were distributed over tlui 
several oil-milling centres as follows : — 




IMIO 

. 1 



Loudon 

LS3,(;3() 

20(1,100 

Hull 

!KI4.!)!»8 

1,082,000 

Livoipool 

3t(),847 

205,1.50 

1 Bristol (’haniici . 

25.3.035 

214,8.50 

Sootl.ind . . . . 

121, ()Ot 

214.8.50 

Siiiuhy Bolts (Rot'hestcr, etc.) . 

II !>,!()!) , 

57,700 


1,020,280 * 

1,080,0.50 


The total shipment of beans 

from the Mam'hurian ports 

Vladivostock were as follows : — 

0 

\i‘!n 

I’oim. 

1000 

1,470,870 

1010 

1,200,000 

1011 

1,500,000 


Deducting from these (piantities the exports to Europe given above 
as, respectively* 400,000 tons, 500,000 tons, and 340, (KX) tons, it will be 
gathered that by far the largest quantities of beans are exported to 
Japan and China. 

In the first years of the enormous shipments to Europe the total 
quantity of seed came almost exclusively to tliis country, as the heavy 
duties imposed by the continental countries prohibited the import. 
Hence the shipment of soya bean oil from this country acquired 
VOL. II I 
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immediately very lar<^e dimensioiia. This is excmpliiied by the exports 
of oil from Hull detailed in the following table ; — 


'I'o 

1910. 

Austria 

3,901 liarrcls 

Australia . 

2 

America 

23,374 

JJelgium 

1(;,0()S 

Denmark . 

700 

Egypt 

27 „ 

Fianco 

1,500 

(Jermany . 

10,090 

Holland' 

25,537 

Italy 

11,190 „ 

Jndia 

510 „ 


The great industry which thus had s])rung ip) almost suddenly in 
the working up of soya beans for oil and cake induced continental 
cauintries to abolish the duty, so that Ixains ar<' now also imjioi'ted 1o 
continental countries, which are thus enabled to crush thi'se seeds skh' 
by side with cotton seed and other oleaginous seeds. 

The rapid introduction of soya beans in the oil crushing industry 
was (‘,spe(‘ially favoured, m addition to tlu^ favoiirabh' conditions sid, 
out above, by the fact that the Anglo-American oil machinery ' ])roved 
itself fully suitable to deal with the new ])roduct.^ 

The sudden Mat with which the soya be<in had sprung into notoiiety 
immediately induced endeavouis to eultivati^ the plant as an olkiaginous 
seed in other ])arts of the globe. This was facilitated by tin' feature 
that the soya ])lant can thnv(‘ on conpiarativi'ly ])oor soil and does 
not require much attention Thus siiccirssful etforts have beiur made 
to grow the soya plant in Ceylon, India, on the West Coast of Africa,'* 
British Cuiana, South Africa (Natal, Transvaal Australia, the United 
States,'* Italy, and elsewhere. 

The average composition of the soya bean is a.s follows 


Oil . 

Wal(M 

All)iiiiiinoi(ls 
0;ul)()hy(lia(cs 
Cnido jihro . 

AkIi . 

The United States Department of Agriculture gives the following 
detailed analyses of a number of vai leties of soya beaus : — 

* op. Ji E Oonuiioii and IJidl Od Manulactui mg Co., English patent 5797, 1909. 

Iv Stewait and (1 H, ('hard patented in English patent 12,727, 1910, a .special nidi 
foi breaking nji soya lieans. 

Bull. Imp. Inst., 1909, d09 

■* During the hrst season tlie soja bean liai\ested in West Alrica had not deteriorated, 
a.s it yielded the full amount of od and albunnnoid.s. 

Ague. Jonrn. ihuon S. Afnea, 1911, 279. 

'' Up M. 'ro< h, ,hnmi. tine (3nn. Ind., 1912, 973. 
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Variety. 

Oil 

WiiU-r 

1*1 (item 

Nitrogen 

free 

K\ tract 

i Crude 
, Flbie 

Asli. 


Per cent. 

Pei cent 

Pei rent 

pel cent 

Pei cent ; 

Pei eeiit 

Austin 

20 55 

8-67 

;i0-59 

24-41 

4 00 ( 

5 78 

Ito »San 

19- 10 

7-42 

U ()() 

27 ()1 

5 15 

5-97 

Kingston . 

18 9(1 ' 

7-45 

:{(i 24 

20 28 

; 4-79 : 

0-28 

•Mammoth . 

210:1 ' 

7-49 

,42 99 

29 m 

4-12 1 

5 01 

(Jut'lph 

22-72 1 

7-4:i 

90 

25 47 

4-57 ! 

5-85 

Med. Yellow . 

19 78 1 

8 00 

.45-. 54 

20 40 

4-54 I 

5-85 

iSamarow . 

20-2;i i 

1 

7-4:i 

47 82 

24 05 

5-05 

5 82 

_ _ ^ 


. 






A fui'Hier inost inijiortant feature which facilitated the rapidity 
with \vhi(‘h the soya bean industry was introduced was that tlie caki'S, 
on account of their ricliness in allniniinoids, formed a very valuaiili^ 
cattle food, which in the commencement of the industry comrminded 
a ]ii,i»her price even than cotton s(‘(‘d cakes. It was found that the 
cak(is wc'i'c. especially valuabh; in dairies, as the milk fi’om cows fed 
witli soya cak(‘s was richer in milk fat than wlien cotton seed cakes or 
(nam lins(',('.d cakes were usiul. Althou^di in tliis country a certain 
i'(‘iiction fi’om the extrava^^ant ho])es built on this feature has set in, 
t li(! ('X])()rt of cak(‘s from this country for tlie dairy industry in Denmark, 
S\v(',den, and Norway is very consid(u*able. 

Th(‘, bulk of beans arc^ cryac.v.sYv/ and th(‘ cak(‘s sold as (‘attle food, ^ 
as stated already. Not inconsiderabh^ ipiantities ar(‘, liowever, extracted 
with sol vaults in ordi'r to obtain more oil than can be recovered by 
expression. This was es[H',cially remun(‘rativ(‘ whim IuisimmI and cotton 
siHid oil stood verv hiyh m price. Extraction must further be resoi'ted 
to in th ' case of beans which arrive in an unsound state. The extracted 
meal is of course only suitable as manure, althou^i^h some (piantities 
arii used in the manufactuie of com])ound cakes and have even been 
sold as such as (-attle food on tin; (\)ntin(“nt. 

On an averagi* by ex])r('ss]on about 12 to Id per cent of oil arc rc- 
(‘ove.red. Extraction yields a larger (luantity. 

The ex])ressed oil, if ])re|)ared from thoroughly sound seed, is 
practically neutral and can find imiiKMliate employment for soa])-making, 
etc. If the seed has Ix'come slightly mouldy and the oil (-ontains 
notable (piantities of fri'e fatty acids, a jirocess of refining similar to that 
used for cotton seed oil is employed. For edible purposes the neutral 
oil is bfeached by filtering over fuller’s earth. Bleached oil for 
technical purposes is obtained by bleaching the crude soya bean oil 
with chemicals fsce Chap. Xlll. p. 30). 

' TIk! con, si(k‘i able (j[uantitie.s ol soya bean available ha\e 1(*(1 to an extraordinarily 
laiffo nuinbei of propo.sala (and jtatents) to n.se the exjnessed cate for the niost vaiied 
alimentary {imposes. As this industry falls outside the seo|)e of this work, it need only 
be jaunted our that the most exoibitant elaiins W(*re made both as to application of the 
cake as food-stufl and as to advantages to bo obtained therelroni. It ik therefori* not 
sui prising to hnd that y^round cake ns used for adulteration {e <j. of ground coU’ee) to a 
Very considetable extent. 
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Soya bean oil contains, according to Mattlies and Dalih} 15 per cent 
of palmitic acid and 80 per cent of liquid acids. The latter are stated 
to consist of about 70 per cent of oleic acid, about 21 per cent of linolic 
acid, and about 6 per cent of linolenic acid. Various specimens examined 
in the author’s laboratory gave from 3 to 5 per cent linolenic hexa- 
bromide by the original method described in Vol. 1. p. 175. It was, 
however, required in order to obtain this yield to allow the bromide solu- 
tion to stand over night. For the yield of hexabrominated glycerides 
cp. table, Vol. I. p. 477. 

Eihner and Muggenthaler found by their method (Vol. I. p. 573) after 
2 liours’ standing 7-2, after 24 hours’ standing 7-6, and after 48 hours’ 
standing 7-8 per cent of hexabromide. A number of determinations 
of tlie linolic acid by means of linolic tetrabromide made in the author’s 
laboratory (by Menon and by Link) led to 12-20 per cent of linolic 
acid. 

The unsaponifiablc matter of soya bean oil was shown by Matfhes 
and Dahle ^ to contain about 55 per cent of a crystalline iiortion con- 
sisting of 2-4 per cent of stigmasterol.^ This stigmasterol is undoubtedly 
identical with Klohb and BlocKs ^ “ soyasterol ” melting at 169^ C., and 
about 97 per cent of sitosterol melting at 139'’ C. The liquid portion of 
the unsaponifiable matter (45 per cent) was found to consist of un- 
saturated oxygenated compounds (cp. Vol. I. p. 585). 

Soya bean oil has no charaideristic colour reaction. Stress may be 
laid on the fact that it does not give the Halphen colour reaction which 
is so characteristic of cotton seed oil. A few per cent of cotton seed 
oil in soya bean oil can be detected by means of Halphen' s test, as 
has been frequently ascertained in the case of soya bean oils adulter- 
ated with cotton seed oil— where the market prices favoured such 
adulteration.'^ 

The rapid introduction of soya bean oil into the commerce of the 
world was due to its soap-making ({ualities, as it just arrived on the 
market when a substitute for cotton seed oil was urgently required. In 
Japan the soya bean serves, as stated already, for the preparation of a 
condiment. The cake refuse is used as manure."^ Small quantities of 
the oil are used for lighting purposes. 

Soya bean oil, standing midway between linseed oil and cotton seed 
oil in its general and special soap-making properties, can be used as a 
substitute of cither of these two oils, especially for soap-making purposes. 
In the manufacture of soft soap, soya bean oil serves as an almost 
complety substitute for linseed oil. In the manufacture of hard soaps 

J Archiv. d. Pharm., 1911, 2'n), 424. 

‘ disposer t)f erroneous stiiteiueiit to the contrary occnrriiiK in llie liteiature of 

this siiljjcct. 

^ Ihdl. Adc. (dinn,, 1907 (4), i. 422; cp. also Wei seh, Inauff. Dissert, 
li. Setlinj {A 717 /. IaOk (tahelle, 1912 (6), 401) con.sulers the following reaction as 
characterLstic ; -When 6 c.c. are treated with 2 c.e. of chloroform ami 3 c.c. of a 
two jier cent aqueous solution of uranium nitrate, the mi.xture yields on shaking an 
intensely lemon yellow-coloureil eniulMon. 

P. Tukenchi, Jovrn, Coll. Aejric. finp. Univ. Tokyo, 1909, 1, who found n 
“urease ’’ in soya beans, suggests its use for the conversion ot the nitrogen ol urea into 
ainraoiiiuiii sulphate for nianiinal purposes. 
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it can replace cotton seed oil to some extent only, as the soap is softer 
than the one made from cotton seed oil. 

Soya bean oil from fresh beans yields a cheap edible oil, which has 
to a lar^e extent replaced cotton seed oil, and is therefore either sold 
as such, or in admixture with c-otton seed oil as an edible oil. 

When prices of linseed and cotton seed oils were abnormally high, 
soya bean oil was largely used for adulterating linseed oil, and even hi 
Japan it was used for adulterating Japani^se rape oil. It was then 
also employed extensively in the manufacture of “ boiled oils ” (“ paint 
oils”), “blown oil,” of varnishes, india-rubber substitutes, and also 
in the linoleum industry, for by prolonged blowing soya bean oil ulti- 
mately yields a gelatinous product somewhat resembling solidihed 
linseed oil in its consistence (cp. Vol. 111. Chap. XV. “ Solidihed Linseed 
Oil”). 

Samples of “ lioiled ” soya bean oil examined in the author’s labora- 
tory had specific gravities of 0-l)4(X) to 0*94()1. 

Varnishes from boiled oil prepared from soya bean oil do not give 
a satisfactory skin. The drying takes place slowly, although the oxygen 
absoi-|)tion of the oil is somewhat considerable. Nevertheless suya bean 
oil cannot replace linseed oil (as was persistimtly put forward for some 
time) as tins oil re<tuires about four days for drying, and even then the 
skin is still ” taihcy.” 

In the United States soya bean oil has been largely used for making 
boiled oil for paints. M. Tocli ^ states that a drier of red lead or litharge 
is unsuitable for soya bean oil, but good results are stated to liave lieen 
obtained with a tungate drier (see Vol. 111. Chaj). XV. “ IJriers ”) 
with those kinds of soya bean oils which iiave proved sidtable for making 
drying oils according to the tests given below. 

Cobalt driers are, ace-ording to Torh, still more useful, and can even 
be employed in the treatment of those soya liean oils which ari' not 
found suitable in the following tests. The eharacteristics of a soya lanin 
oil suitable for making paint should be {Tocli) : (1) when Jieating u]) to 
500° F. for a few minutes the oil should become ])ale and remain so ; 
(2) when the lieated oil is blown with dry air from five to seven hours 
it should attain a gravity of 0-960 and more. 

In order to import soya bean oil free of duty into Australia the oil 
must be denatured by adding 25 gallons of (-ommei'cial neat’s-foot oil 
and 25 gallons of “ 3(K)° test kerosene ” to 50 gallons of soya bean oil, 
or by adding 5 gallons of terebene and 5 gallons of turjientine toOOgallons 
of soya bean oil, or by adding 25 gallons of tung oil to ICX) gallons of 
soya bean oil. 8oya bean oil intended to be used in the candle-making 
industry is allowed to be denatured by heating to 250° F. for half an hour 
with 4 per cent of sulphuric acid of no less than 1-77 specific gravity 
at 60°. 

^ Jdimi. >SiH\ ChevL In<{., U)12, .^(72. 
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rOlTY SEED OIL 

French — Hmle irdilhtle^ Haile de pacot. (Jeriiian— J/c/ine/. 

Italian — Olio di papavero. 

, For tables of characteristics sec pp. 123, 124. 

Poppy seed oil is obtained from the seeds of the two varieties of 
pop])y, Papaver so)aniferu))t, L., viz. P. album and P. vifjram, D.C., 
by ])r(issin<^L The j)lant is ^rown extensively in Asia Minor, Persia, 
India, F^ypt, South Russia, and the North of France ; ^ the seeds yield 
from 45 to 50 per cent of oil. 

Po[)])y S(;ed is also ])r()duced in Manchuria, but owin^f to the fact 
that the seed is "rown — and harvested- to^uither with some wild seeds “ 
whi(;h yield about IG ])er cent of a non-drying oil, the Manchurian oil 
is of v(uy low (piality, espiMu’all}'' as rej^ards drym^^ jiowers. Poppy seed 
i^u'own in India and Burma coiiiuius 11 8-18’G ])(*r cent of oil. 

In hrance a distinction is made between hade d'adlettc and hade 
de panol. The former is obtained from indi<i;enous, or at any rate 
Furo[)('an, pojipy seed, whilst hade de parol designates oil obtained 
from oversea seed. Since, howinau’, by far the greatest part of ex- 
pressed oils, both of Furo])ean as also of oversea orison, is used as a 
table oil, all edible poppy seed oils are termed hade ddidlellc. 

By far the hir^i^st (piantities of poppy sisal oil are ('rushed in 
Bi'anci^, both in the south (Marsiulles) and in themuth, and m (lermany. 
The inifiortance of this industry may be oatlunaal from the following 
figures — 


1 CoplIV Si 

Ml nllhih 


l*ii|i|i> Scnl inidt 


Yen, 

; I'lliKh 

liii|,(»i( lido 

llll)ll)ll lllto 

liii|t()il into 

llilpnt t ililn 

Piudiietioii 

Kr.iiii e 

1' 1,111(0 

M.iisnllcs 

(iei Ill.UiV •'* 

! Kilo<,o,mis 

ImIo”, aiiiM 

Kilopaiiis 

l\ilii..iiaiiis 

Ivlli-ai.ims 

1900 I 0,20 1,300 

58, .500 

21,912,900 

2 9755,500 

28,71!»,000 

1901 .1,278,100 

58,000 

20,191,900 

.5, 7 23,. 500 

25,920,000 

1902 j 0,220,900 

12,000 

28,310,000 

5,017,200 

.51,1 10,000 

1903 4, 108,. 500 

.51,000 

27,251,000 

2,997,100 

3 5,030,000 

190; 0,100,300 

11,200 

35,219,100 

, 0,101,000 

33,(110,000 

1905 . 5,21 7, .500 

9,700 

20,829,100 

1 3,852,100 

.31,990,000 

1900 1 .3,070,100 

1 1,100 

20,507,500 

' 3,181,500 

28,901,100 

1907 

11,300 

29,158,900 

, 1,001,500 

30,207,800 

um 

13,100 

21,331,900 


23,889,800 

1909 ! 

9,:500 

25,789,000 

2,533,191 

20,315,100 

1910 ‘ 

2,900 

23,347,000 

11,000 

22,772,300 

1911 1 • I 

1 ' _ J 

3.8,000 

19,440,300 

2,11 1,000 

29,050,900 


* With retail il to i-xpcniiKMits iiijule iii to produce popi>y seed on a coin- 

iiieicial scale e}). 'riioiiis, Zn/.s. J. amjenK C/n’i/i , 1908 (til), 2‘J08. 

^ A. V. l)(;^a'ii [Zi'its /’. Untt’is. tf. XaliKjs- n (ilenii'isiii., 1910, vix, 1705) reports tlio 
oceurrenee ot henbane seed in conimeieial poppy sei'd. .1. Molier, Zvif. olhjnii. vsferr.’ 
Apo(li.-Vfi., 1912 (50), 22, states that such admixture oeeur.s in Russian seed owin^' to 
carelessness lu liarvestiu}.; ; cp. also Utz, Cluniu Revue, 1913, 5. 

^ Mostly Indian seed. 
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Tlie German imports for 1911 and 1912 are given in the following 
table ; it should be noted that the imports under Turkey may comprise 
some sunliowcr seed : — 

1 Fn.in I'UI l')12 


I 


Turk('y 

3,8 11 

2i8:i 

India 

' 1:1,489 

7178 

('lima 

1,(;09 

520 


T'he value of poppy seed exported fiom India is set out in tlic follow- 
ing table : — 


[Table 
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The chief countries of origin of the poppy seed pressed in Marseilles 
are the Levant (Samsoun, Smyrna, Alexandrette) and India (Bombay, 
Calcutta). The Levant seeds are preferred to the Indian seeds, as 
tliey yield a finer oil (cp. “ Sesame Oil ”), and in larger proportion. 
The Levant seeds are vvhitig g;‘cy, blue, or rod, and yield, pressed twice, 
on a large scale 39 to 10 ])er cent of oil. The Indian seed, which is 
mostly white and only rarely red, yields 3() to 38 per cent of oil in 
practice. 

The cold-drawn ” oil, the oil of the first pressing, is almost colour- 
less or very pale golden yellow ; this is the white poppy seed oil ” of 
commerce. Tjie second cpiality, expressed at a higlu'r temjierature, is 
miK'h inferior, andconstitui.es tlie “ red jiopfiy seed oil ” of commerce.^ 

Sweet (line) table oil is prc])ared by cold expression in Marseilles 
and in the North of hrance (in Lille, Arras, Douayg Cambrai). The 
cold-press(Ml oil is hlteriul before being ])laced on the market. In some 
of these estahlishments pa])er lilters are said to be used even at ])resent. 

lN)[ipy seed oil has little or no odour and a ])leasant taste, so that 
it is largely used as salad oil, especially as it does not easily turn rancid. 
The oil of unsound ({uality, howaiver, jiossesses an acrid taste. 

The cakes resulting as a by-])ro(liict are rich in nitrogen and form 
valuable cattle food ; mouldy cakes are enpiloyed as manuri; for early 
fruit. 

The acid values of commercial sanpilcs vary Lorn ()-7 to about 30. 

According to Tohnan (uid Mnn^on'^ the solid fatty adds iorm ()-()7 
])er (amt of the total fatty acids. The lupiid fatty acids in fH)])])y seed 
oil were stated by Ildzura and (tn'tssacr to (a)nsist of 5 ])('i' (auit of liiio- 
lenic. acid, Of) per (amt of linolu' acid, and about 30 ])er cent of ohuc acid. 
Since, however, the li((uid fatty acids yield jiractically no ether-insoluble 
bromides, the ([uantity of linohmic acid must be much h'ss than stated 
above. I’oppy si'ed oils, obtained by extraction with pi'troleum (‘tluu', 
gave, aia'oialing to Uf:;^ much higher iodine values than lound hitherto, 
as the following table shows : — 



1 

1 1 

U.'ll.U live UmI, \ 

Uiit) io-i(‘l’i:iclo- 



lodltK' \ clllK' 

At 1.) C 

‘ IK - at 1.) 0 I 

liuli.Lii l>o)>]iy si'cd oil 

1.9“> is 

1-1772 

78-1 1 

1 

Lev iiniiiio ,, ,, 

1.97 92 

1 17/1 

78--1 

Geiiiuui ,, ,, 

190 91 

1-1771 

78-1 

• 


The unsaponifiabh'. matter in poppy seed oil is smtill (about 0-5 
})er cent), and consists chiefly of sitosterol. The crude sitosteiol 
rccaystalliscd eight times melted at 13G-137‘^ C. The crystallised 
acetate melted at 125-5-126'^ C. {Bower and Wintei). No stigmasterol 
was found in the unsapoiiihable matter by Klamrolh.^ 

' CJp. iilso \j. Vuiillait, Atiiud. dcs ludsijic , 1909, 276. 

" Jnuni. Ainrr. (%'ni. Soc., 1903, 090. 

a Chan. /At., 1903. 1177 , 1901, 297. Inanf). Ihssrrt \). 30. 
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Commercial poppy seed oil is, as a rule, contaminated with small* 
quantities of sesame oil, owing to the seed being usually pressed in the 
same works in which also sesame oil is produced. Edible poppy seed oil 
is at present frequently adulterated with sesame oil ^ and also with 
hazel-nut oil, to improve the taste of edible oil obtained from stored 
seed. Both adulterants are de tec. ted by the lower iodine absorption, of 
•the sample ; the presence of sesame oil is confirmed by a positive 
Baudouin test.^ 

The difEcrentiation of poppy seed oil from walnut oil is of importance 
in the examination of white paints. The readiest means for this purpose 
is furnished by the bromide test ; walnut oil yields from 1*4 to 14) per 
cent of ether-insoluble brominated glycerides, whereas poppy seed oil 
yields none. Boppy seed contains a larger proportion of solid acids ^ 
than walnut oil. (With regard to Bellier's method cp, p. 100.) 

Poppy s(*o(l oil is in its turn fraudulently added to olive oil ; the liigh 
iodine value (unless masked by the addition of lard oil), in conjunction 
with a comparatively high sjieiufic gravity, indicate the adulteration. 
It is also used to adulterate peach kernel oil (Bennett '*). 

Mixtures consisting of 80 parts of poppy seed oil and 20 })arts of 
beeswax arc sold as fixing agents for artists' iiaints. A similar fixing 
agent is made from 100 parts of egg-yolk (frequently replaced by 
egg albumen) and 75 parts of poppy seed oil (K. Lupus ^). 

The best qualities of oil are usi'.d for edible purposes, and for the 
preparation of the finest paints foi artists. A mixtiii'e of e([ual volumes 
of sun-bleached ” poppy seed oil and bleached “ boiled ” po])py seed 
oil is ('.xtensively iisial for white pigments (hotter ^). A solution of 
fused gum mastic and Japan wax in poppy seed oil is known in commerce 
as '' wax oil.” On account of the high price of po])py seed oil only 
the bevest qualities, which usually contam up to 15 per cent of free fatty 
acids, ( an be employed for making ])otash soaps. With caustic soda 
poppy seed oil yields a softish soap, which used to be emjiloyed early in 
the last century to reduce excessive hardness of olive oil soap.® 


ASPARAGUS SEED OIL ^ 

Fiamch — Iluile diasperge. German - Bpargelsamenol. 

Italian — Olio di asparaghi. 

Asparagus seed (Asparagus ojfficinalis, L.) contains 15-3 per cent 
of a ktty oil of yellowish colour, 

1 Chem. XaL, 1903, 1177 ; 190^, 257. 

- Cp. iilho .IR Royer, Annal. des Falsijic., 1910, 380 
Bellier, Ann. Chiiii. (tnaljil. appl., 1905, 52 ; Aiudy.tt, 1905, 132 ; (Jhem. Ceniralhl, 
1905, 965 (cp. Schlegel, C/ie.ni. Xnt., 1904, 573) ; Juinn. S(><. (Jhem. /nd., 1905, 459 
^ (Jhemist (Did Drugynf, 1908, 89. 

° Cerinan patents 187,211, 211,674 ; cp. also BosscnroUi, Ceniian patent 246,120. 
Jouvn. Soc. Chem. hid., 1895, 168. 

This most not be conlouinkMl with “ Beeswax Oil.” 

^ Such addition ol poppy oil soap to olive oil soap was then considcntd to constitute a 
fraud ! Cp Lewkowitsch, IlidL de Ut, Hoc. chinnqncde Frtnue, Conference, 1909, xxxii. 
W. Peters, 'Arch. d. Fharvi., 1902, 53. 
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Siu'iMfic Ola^ ity 
at 10' C 

Siii>onilicati(ni Value 

Iodine Value. 

ilii tyi 0-1 efi .'letoTTif't (T 

“ Oepoi'H ” !lt 25“ (' 

0 928 

191 1 

,.7., 

7r, 


On expoHuro to the atmosphere in a tliin layer the oil dries to a hard 
varnish-like mass. 

The <.flyeerides in aspara^ms seed oil consist rif palmitin, stearin, 
olein, and linolin. The presence of olein and linolin was proved by 
identifying^ among the oxidation products of Ihe h([iiid fatty acids : 
dihydroxystearie acid and sativic acid. It is very likely that linohuiic 
acid also occurs in the oil. 


AMOORA OIL 

Vronch- - 11 tide d'Anioora. Oerman Atnooniol, J niineujniidxititHol 
Italian 0/m ih Aiiioota. 


Physical aitd (diemical (diaraclerislirs of Ainoora OtI 
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I'ei .elil 
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1 ' 

i;m-8(; 

1 01 

01 r. 

.879 s 

' il.l 28. 


Idiis oil is expressed in Bengal from tJic seeds of Aatoom Rohtvka 
{Aphamimixis Ro/ufaka, Jioxb.), Pierre (Evergreen tree). It is a clear, 
reddish-brown oil, and has a slight odour, resembling that of linseed oil. 
The specimen examined by Crossley and Le ISuear ^ had th(‘ acid value 
17-03. The insoluble aidds and unsaponiliable amounted to i)3-23 per 
cent. 

The oil is used by the natives medicinally and also as a burning oil. 


MANIITOT OIL -CRARA RUUltLR vSRKD OIL 

Frcmdi — Huile dc inanihot. (lerman — ManthotuL 
Italian— -0/?.o di aianihot. 

For table of characteristics see p. 128. 

This oil is obtained from the seeds of Manihot Glaziovii, IMull. Arg., 
Euphorbiacea, known as an india-rubber-yielding tree. According 

• ’ Joiirn. .Sue. Chem. liuJ,, 1898, 991. 

Fendli'i uiid Kuliii, Ikruhtc d. deuUch. Pharmue. (>c.sel/schafl, K)05 (\v. 42G. 
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to Wildemaim ^ there are several species of Manilmt Glaziovii, of wliich 
two at least must be recognised as true species, viz. Manihot ream and 
Manihoi Jequie} (These species of Maiiiliot must not be confounded 
with Manihoi dulcis {M. uldissuna), the root of wliicli yields ta])ioca.) 

The botanical name of the “ Jeipiie ” Manihot (a tree occurring in 
the south-east of ]5ahia ^ in the neighbourliood of the town of Jc(juic) is 
Manihoi dichoionia, Ule. The Manihot tree is indigenous to Ceara 
(Brazil) and is now cultivated in East ^ and West Africa. (Vaira rubber 
trees were the first to be tried in Ceylon as an india-rubbcr-yielding 
cailturc, but all trees have now disa})peared, having been re])laced by 
Hevea trees (see p. 129). The seeds have a very hard shell and simulati^ 
in size ordinary hazel nuts. The seeds obtained by Fendler and Kuhn 
from Lmdi, East Africa, contained 25 per cent of kernels an.d 74-5 pi'r 
cent of husks. The total seeds yielded 9-91 per cent of oil, 8-98 per cent 
being furnished by the kernels and 0-96 per cent by the husks. 

Sci'ds obtained by Rideal and Adand,^ also from East Africa, 
weighed on an average about half a grin, each, and i-onsisted of 45-3 
[ler la'iit of kernel and 54-7 per cent of shell. The total S(;ed yielded 
i5'75 ])er (‘ent of oil, the kernel alone yielding 35 ])er cent. The seeds 
contain no cyanogenetic, glucoside, m contradistinction to the seeds 
yii'ldiiig Manihoi- oil and Bara rubber tree seed oil. 

The oil IS yellowish-green , its odour resembles that of olive oil. 
Its taste is slightly bitter. The specimen ('xamini'd by Fendler and 
Kahn luui tie* avid value 2 18, and contained 0 9 per cent unsaponitiablc 
matti'r. 'flu'. specimen ('xamimal by Kideal and Aeland was fri'sher 
still, as the acid value wais 0 (I only. 

In the Eivache t(‘st the following numbers were found by Fendler 
and Kuhn : — 


Incii'a''!' Ill Wci;;lit, aftri Ci'i cent 

2 (i;ivs . . . . .0 82 

3 5 70 

-1 . 8 33 

.7 . . . 8 30 

() „ . . . .8 41 

7 „ 8-88 


These ligures notwithstanding, the oil spread in a thin layer over a 
glass dried only after the lapse of a few w'eeks. At a temperature of 
55'^ C., however, the drying was complete after ten hours. In Brazil 
the expressed oil is used as a substitute for linseed oil. 

Th» fatty acids contain (Fendler and Kuhn) about 10*97 per cent 
solid acids (of m.p. 54'^ C.) and 89 03 per cent (evidently found by 
difference) liquid fatty acids. 

' Lc Caontchiir el la (Udta-pnrha, 1906, iii. 4:75. 

Other iii(lia-rubl»er-yiel(]mt; species of Manilwi are — J/. he/)faphi///<i, IMc (Siio 
I'rancisco Manihot) ; M. pianhijeuMS, Die (rianliy Mamliot) ; M. eutlatra^ Mull. Arg ; 
Ilo/nuua Teiftaoineri, A. Clicv {M. 'Teissonien., A. Cliov.). 

With regard to attcinjits to cultivate the Jeciuie variety cp. A Ziniinei nianii, 
Der PJIunyr, 1907, m. 167 ; 1908, iv. 193 ; 266. 

i*\). E. March wald, Der TropoijiJlanzcr, 1912, 226. 

'■ A nalyd, 1913 , 2 , 69 . 
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Physical and Chemical Characteristics of Manihot Oil 
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Physical and Chemical Characteristics of the Insoluble Fatly Acids 
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1 ion 

NnillbeT 

tion 

Niinitiei 

' Value 

107-6 

200-1 

143-1 



; LhIUkI 
{ Fatty 
! AeiiN 



1 ' 

! 163-6 
162-5 


lYndlor i 
and Kuhn 


R ideal I 
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FUNTUMIA OIL 

The seeds of Funiumia elastica (wild rubber from the West Coast 
of Africa) are small and pointed at the ends. 100 seeds wei^di 4*8 
grms. The husks are very thin and soft, so that decortication of the 
seeds would be unnecessary for pressing. Seeds from the Ivory Coast 
gave 20 per cent of a clear dark yellow oil (Hebert ^), whereas Rideal 
and Acland^ obtained 31-33 per cent. On cooling, a brownish white 
“ stearine ” is deposited which melts at 47° C. to a cleat’ brown liquid. 
The seeds contain a cyanogenctic glucoside (cp. Para rubber tree seed 
oil). The oil was found slightly dextro-rotatory, presumably owing 
to the presence of an alkaloid. The following characteristics were 
found : — 


1 Analyst, 1913, 259. Caoutch. et (Sutta-racha, 1912, G232. 

3 Analyst, 1913, 259. 
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Ricleal and Aclaiul. | Hubert. 


Oilr- I 


Specific gravity 

0*9320 

Saponification value 

185 

Iodine value 

138 

• Refractive index at 15° . . . . j 

1*4788 

Fatty Adda— 1 


Insoluble fatty acids d-unsaponifiablo 

1 95 1 per cent 

Liquid fatty acids | 

i H8-9 

Iodine value of liquid acids . 

175*5 


Other characteristics given by Ilehnt arc omitted here, as tiiey 
cannot be correct. 


PARA RUBBER TREE SEED OTT. — RUBBER SEED OIL 

French — Iluile de siphonia elastica, Huile d'Hevea. German — Para- 
kautsclmkhaumsameml, Paragummihmwwl. Italian — Olio {d'albcro) 
di cacciu. 

For tables of characteristics see p. 130. 

This oil is obtained from the kernels of the para rubber tree, Ilevca 
hrasiliensis, Muller Arg., a native of the Amazon basin in Brazil, The 
nuts contain about 50 per cent of kernels. They also contain a power- 
fully acting lipolytic enzyme (Imperial Institute) and a cyanogenetic 
glucoside resembling phaseolunatin.^ Several samples of seeds 
examined in the Imperial Institute yielded about 0-()48 per cent of 
prussic a( id ^ (cp. “ Linseed Oil,” p. 57) ; hence the resulting cake 
would furnish about 0-09 per cent of prussic acid. 

The kernels yielded to petroleum ether 42-40 per cent of oil.^ 
Schroeder ^ obtained, also with petroleum ether, 27-5 per cent only of 
oil. On extracting the kernels on a large scale with ether 21*32 per 
cent of oil were recovered. Whereas the oil extracted with petroleum 
ether was pale yellow, the ether-extracted oil represented a deep green 
semi-solid oil from which, at 15"^ C., solid glycerides separated. On 
warming to 26° C. the oil became completely fluid ; on cooling, solid 
glycerides again separated at 21° C. A notable difference between the 
oil extri«ited with petroleum ether and the oil extracted with common 
ether is shown in the iodine values (compare table). The acid value of 
the ether-solub^ sample was 57*4, its acetyl value 27*9, and the pro- 
portion of unsaponifiable matter 0*705 per cent. 

Amongst the fatty acids stearic and palmitic acids were identified. 

The oil is of a light yellow colour ; in its odour it resembles linseed 
oil. On exposure to the atmosphere in a thin layer it dries to a clear 

* Dunstan, Proc. Chem. 1907, 168. 

^ Henry ,‘iiid Anhl, Journ. Sor. Chem. fnd., 1908, 128. 

Bull. Jiiip, Inst,, 1903, L'iO. Arch. d. Pluirm,, 1905 (243), 637. 

VOE. II K 
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transparent film. A specimen examined in the Imperial Institute 
contained 5*4 per cent of freedatty acids. 


Physical and CJiie 7 mcal Characteristics of Para Rubber Tree Seed Oil 


SpfCille Gravity. 

S-ipoiiification 

Valuo. 

lodiiu- Value. j 

t)bser\er ^ ] 

“C. 





15 

0-9302 

206-1 1 

128-3 1 127-71 

Imperial Institute 

20 

0-9232 

198-1 

117-6 2 

Schroeder 1 

16 

0-9239 

185-6 

133-3 

Pickles and | 

(water at 




Hayworth “ 1 

15°-1) 


1 


1 
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Physical and Chemical Characteristics of the hisoluble Fatty Aculs 


Insoluble Aeids 
|■UusaI)nlllllablc. 

Melting 1‘onit 

Tit (‘I Tost. 

Moan Moloculai 
Weight. 

loibiio Value 

Obsei vor. j 

95- 06 

96- 4 

33 

293-3 

127-3 

j 

Hchroeder 
Pickles and 
Hayworth 




I.uiUKl Fatty A( ids 




154-2 

Lcwkowitsch 


The fatty acids of the oil consist, according to S. Pickles and W- P> 
Hayworth, of about 14 per cent saturated (solid) acids, stearic acid 
(melting point 69° C.), and an acid or mixture of acids melting at 56-5° 
C. The 86 per cent of imsatiirated (liquid) acids are stated tt) consist 
of 32-6 per cent of oleic acid, 50-9 per cent of linolic acid, and 2-5 per 
cent of linolenic acid. 

The manufacture of a drying oil from the seeds was up to recently 
entirely out of the question, as the seeds were all required for planting 
purposes in the then rapidly developing Para rubber industry in East 
India, Federated Malay fStates, Borneo, and East Africa. According 
to a reliable estimate,^ made in 1907, there were in Ceylon 45,000 acres 
under crop ; taking 175 plants to the acre, this leads to 7,875,OyO plants 
of various ages. 

Since the productive plantations in the East have become very 
extensive, a larger supply of seeds is available and their export for 
purposes of oil production may increase, especially so as the vitality 

^ Extr.'U'tcil ■with petroleum ether. 

Extracted ^\ltll ether. 

^ AitalyU, 1911, 491. 

^ (kyhm Handbook and Ditedory and Compendunn of Us(fut Informal am for 1905- 
1900, compiled and edited by J. Ferguson. Colombo : A. and ,1. Ferguson ; reviewed in 
Bull. Imp, Inst., 190(1, vol. in. No. 4, p. 384. 
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of the seeds for production of seedlings is very feeble. The high prices 
of linseed oil ruling recently stimulated the collection of seeds, and large 
parcels were sent to this country. The cost of collecting has been 
estimated, in an Official Report of the Director of Agriculture for the 
Federal Malay States,^ to amount to Is. Id. for 1000 seeds ; the cost 
of collecting and shelling 1 ton of kernels (414,400 seeds) would amount 
to nearly £3. It is further estimated that one ton of kernels could be 
delivered in this country at a cost of about £G : 10s. In view of tlie 
presence of a cyanogenetic gluco.side the cakes would most likely be 
unsuitable for feeding cattle, and hence would have to be used as manure. 


MELIA AZEDARACH OIL ^ 

French — Huile de Melia Azedarach. Cerman — MeliaoL 
Italian— Oh‘o di Melia. 

This oil is obtained from the seeds of Melia AzedaraeJi, L. (Persian 
lilac ; Bead tree ; Laurier grec ” ; ‘‘ Lilas des Indes ” ; Sykomore ^), 
which contain 39-36 per cent of oil. The total amount of oil obtaimible 
from the fruits is 4-62 per cent. This oil must not be confounded with 
Margosa oil, from Melia AzadiracMa, L. (see ‘‘ Vegetable Fats ”). 


j Solidilying 
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! 

r 

Melting 

Point 
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1 

Sai»onili(*;i- 
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fiaetonieter 
“ Degrees " 

- 12" 
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0-77 

' 
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Solidifying point of the fatty acids . . .19" 0. 

Melting point of the fatty acids . . .22" C. 


CROTON ELLIOTIANUS OJL^* 

The seeds of Croton Elliotmius furnished an oil having the following 
characteristics 


Specific gravity at 15® C. . . - • 0-9266 

•Saponification value ..... 201 -S 

Iodine value . . . . . .138-5 

Insolub^ acids d-unsaponifiablo . . .94 per cent 

Titer Test 13-7® -13-8® C. 

The specimen had the acid value . . . 4-24 


The above numbers show that this oil differs considerably from 
the ordinary croton oil, which is derived from Croton Tiglium, L. 

* Bull, Imp. hid., 1911, 36. ^ Feiidler, Apotheker Zeit., 1004, 55. 

Watt, Dictionary, v. p. 223. ■* Bull. hup. hist., 1907, 237. 
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HENBANE SEED OIL ^ 

French— de jusquiame. Gerinm— Bilse^ikrauimmenbl. 
Italian — Olio di giusquiamo. 

Henbane seed oil is obtained from the seeds of Uyoscyamus niger, Ic. 
The seeds yield about 35 per cent of oil. 

The oil is yellow, slightly fluorescent, somewhat viscous, and dries 
readily. 


Physical and Chemical Characteristics of Ileiihayie Seed Oil 


1 Si)f'ci(l(; Gia\ ity 

Saponilic.ition 

Uxliuc Valuo. 

U(‘KherL-M(‘issl 

1 Insoluble Aeals 

1 at ].r 0 

ValiU' 

Valuo 

j -1 Unsaponiliable. 





Por cent 

0-939 

170-8 

I 138 

0-99 

i 91-7 


Recently Utz ^ examined a spe(;imen of a commercial henbane seed 
oil, the characteristics of which varied widely from those given above, 
the iodine value being 118-7, and the saponification value 219-9, although 
its Reichert- Meissl value was only 1-1. A specimen of oil prepared by 
Utz from the seed had an iodine value 131-3 and the remarkably high 
saponification value 233-3. The Reichert- Meissl value of this specimen 
of oil was not determined. Its refractive index at 15° was 1-4788, 


. MILLET SEe6 oil 

French — Huile de millet, (lerman — Hirsowl. Italian — Oho 
di miglio ; Olio di panico. 

Fahris and Settinij ^ obtained by extraction of the powdered grains 
of millet {Panicum italicum) with ether, 3-5 per cent of a turbid oil. 
The filtered oil is brownish-yellow ; its odour resembles that of oils 
from cereals. It is insoluble in cold absolute alcohol, but dissolves 
in boiling absolute alcohol. 

The following characteristics were determined : — 

Oil— 


Specific gravity at 15° C. 

0-9275 

Solidifying point 

. - 6° to - 

Saponification valuo 

■. 183-8' 

Iodine value 

. 130-4 

Butyro-refractomotor “ degrees ’ 

’ at 25° C. . 70 

Mauinen6 Test . 

. 07-5° C. 


^ Mjoen, Arch. d. Ptuirm., 1896, 234. 

^ Cfiern. liemc, 1913, 5. 

* Atti fid VI. Congresso internaz. di chimica appliaita, Roma, 1907, v. 754 ; cp. 
also G. Ka-ssner, IkricJUe, 1887, R«f. 558. r 
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Fatty Acids — 

Insoluble acids -funsaponifiablo 
Solidifying point 

Melting point .... 
Iodine value . . . . 

Iodine value of the liquid fatty acids 


95-5 per cent 
19° to 20° C. 
26° to 27° C. 
134-3 
146-3 


The mixed fatty acids consisted of 84-5 per cent of liquid and 15-5 per 
cent of solid fatty acids. With regard to “ Millet Oil Acid ” see Vol. 1. 
Chap. III. 


NIOER SEED OIL 

Yiemh— Hnile de Niger. German — NigeroL 
Italian — Olio di Niger. 

For tables of characteristics see p. 134. 

Niger seed oil is obtained from the seeds (more correctly the acltenes) 
of Guizot ta abyssinica (L.), Cass. (Guizotia oleifera, D.C.), a plant 
belonging to the Composita;. It is indigenous to Abyssinia, and largely 
cultivated not only in East Africa, but also in the East and West Indies. 
Attempts liad also been made to grow it in Germany. The fruits are 
small, have a tooth-like shape, and are shining black in colour. The 
seeds contain from 40 to 45 per cent of oil. According to Konig, the 
seeds have the following average composition : — 


Per cent. 

Oil 43-08 

Water . . . 6-72 

Albmn molds .... 19-42 

Crude fibre . . , ' . 14-38 

Ash . . . 3-54 

Extractive .suhstaucos . . . 12-86 


The oil (which first came into the English market in 1851) is yellow 
and has a nutty taste. Four specimens of East Indian oils examined 
by Crossley and Le Sueur ^ had acid values ranging from 5-21 to 11-69 ; 
three samples were optically inactive ; the fourth showed very slight 
dextro-rotation. 

Niger seed is crushed in Hull and in Marseilles; it is frequently pressed 
twice. If the seed is first pressed in the cold, it yields an edible oil. 
The oil yf second expression is richer in free fatty acids and is therefore 
used in soap -making and as a substitute for linseed oil,^ and also for 
adulterating raye oil. The best qualities are employed as edible oil.^ 
It is largely used in India by the poorer classes, especially in the Deccan, 
as a substitute for ghee (butter fat). 

^ Jovrn. Soc. Chem. fniL, 1898, 991. 

^ According to F. Fritz, Niger oil was tried as a subhtitute for linseed oil in the 
manufacture of linoleum wben the prices of linseed oil were abnormally high. It is 
stated that Niger oil is easily oxidised by blowing with air. For the manufacture of 
“ boiled oil ” as a substitute for “ boiled linseed oil,” it is less suitable than soya bean oil. 

^ Journ. Soc. Chem. Ind., 1905, 358. 
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SUNFLOWER OIL 

French — Huile de tournesol. GGvmsLnSonucnhhiinenol. 

Italian — Olio di girasole. 

For tables of cliaracteristics sec p. 136. 

Sunflower oil, obtained from the {achencs) seeds of H diant Jins 
annuus, L., is a pale yellow oil of mild taste and pleasant smell. Tlie 
sunflower plant is a native of Mexico and is now largely cultivated for 
its oleaginous seeds in Kussia, Hungary, India, and China. ^ The 
Hungarian ^ kernels are richer in oil than the Russian. The Hungarian 
seeds consist of 45-52 per cent of kernels, and 48-55 per cent of husks. 
The kernels contain 36-6 to 53 per cent of oil. On a practical 
scale 28-30 per cent of oil are recovered. The Russian seeds yield 
only 23 per cent of oil. The cake contains from 8 to 10 per cent of 
oil, and is said to form, owing to its easy digestibility and fattening 
properties, a valuable cattle food, comparable in this respect with 
linseed oil. 

Attempts made in the United States to grow the ])Iant for com- 
mercial purposes (to prepare edible oil) have not proved satisfactory ; 
the cultivation of the plant as an oil-producer has therefore been 
abandoned. 

l^lxperiments liave also been made in India ; but it was found 
that sunflower is too costly to bo grown there ^ as an oil-seed crop. 
(Ireater success appears to have attended the experiments made by the 
Cape A trri(;ultural Department. In some cases a yield of 3250 lbs. of 
seed was obtained per acre ; it is therefore proposed to undertake the 
cultivation of sunflower for its seed on a commercial scale.^ 

The cold-drawn oil is clear and limpid. On hot pressing, the oil 
dissolves a considerable quantity of mucilaginous substances, similar 
in composition to the mucilage in linseed oil (see p. 59), which separate 
out on cooling. Hence, the hot-pressed oil, if required as burning oil, 
etc., must be refined. This is done with sulpliuric acid, in the same 
manner as rape oil is refined. 

Sunflower oil contains from 0’31 to 0*72 per cent of ujisaponifiable 
matter. The liquid fatty acids consist chiefly of linolic acid, oleic acid 
being present in small quantities only. 

^ In the priniilivo mills of M.aiiclniria (cp. “Soya Beun Oil ”) 2()-‘27 ptii cent of oil 
aie obtained by expression and 43-46 per cent of cakes, retaining 8-12 jier cent of oil. 
This favourable technical result is due to the pounded seed being left in the wedge 
presses for more than twelve hours. 

R. Windisch, Landw. Versucluist., 1902, 305. 

* 1). Hooper, The Agricutt. ledger, 1907, No. 1. 

(^ape Agricult, Journ , 1908 (25), 85, through Ikdl. Im}). Ind , 1908, 84. 
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This oil dries more slowly than the above-described drying oils. * 
The absorption of oxygen, according to HuhVs method, using copper 
powder as an oxygen carrier, takes place at the following rate 


r 

Absoi ptiun of 1 

Afb'i '2 (liys 

i 

After 7 (lays 

1 ' 

Aftei HO (lays. i 


IVi (‘(‘lit 

Pci cent. 

IVi c(>iit 

' SunHower oil . . 

1-97 

.^C02 


Sunflower oil fatty acid.s . 

0-8.'') 

3-5(3 

(5 -3 


The sunflower is now chiefly cultivated in Southern Kussia,^ wlierc 
the “ cold-drawn ” oil servers for culinary purposes. Such oil is used 
in Russia in tlie manufacture of margarine {Jolles ^). The hot-expressed 
oil is employed in soap-making (soaps for textde purposes). Unless 
the oil contains a high proportion of free fatty acids it is unsuitable 
for soaii-making by the cold process (Lexvkoivitsch). It is also used 
for the manufacture of Russian varnishes, and as a burning oil. 

The extent of the sunflower seed and sunflower oil industry in 
Russia may be gathered from the fact that in the northern Caucasus ^ 
from 50,000 to 60,000 tons of sunflower cake are stated to have been 
produced during the year 1906. Most of the cake is sent to Denmark 
and Sweden, and the estimation in which the feeding properties of this 
cake arc held may be gathered from the fact that tlie price the cake 
realised was between that of linseed cake and cotton seed cake. Smaller 
quantities of cakes are used in this country in the production of com- 
pound cakes. Sunflower oil is now obtainable in this country in 
considerable cpiantities, being refined on a commercial scale in- Hull. 
The seed stalks of the plant arc burnt, and the carbonate of potash, 
which Mie ashes yield in considerable quantity, is exported. It is 
stated that in the year 190l, 2000 tons of crude carbonate of potash 
from tliis source were ex])orted from the Caucasus. 

According to an official report there existed in 1911 in the Kuban 
district 550 oil mills producing sunflower oil valued at £1,400,000. 
The chief places of production are Jekaterinodar, Armawir, and Maikop. 


YELLOW ACACJA OIL'* 

Srench — Huile d' acacia jaune. Geimm—Gelb-AkazicnoL 
Italian — Olio di acacia gialla. 

The seeds o! the yellow acacia, Carageena arhorescens, Lam., largely 
cultivated in South Russia, yield 12-4 per cent of oil on extraction with 
petroleum ether. The unsaponifiable matter in the oil amounts to only 
0'14 per cent. 

1 Jouni. Soc. Ohem. Ind., 1892 , 470 . = 1893 , 9 ^. 

Kuban district. . 

^ Valentin .Jones, MUL k. k. technolog. Gewei be- Museums, 1903, 223. 



,138 


GLYCERIDES — DRYING OILS 


CHAP. 


Physical and Chemical Characteristics of Yellow Acacia Oil 


SaiKjnifloition Vahie 

lodiiu! ValuH 

Fldchcrt-Meissl Viilui 

190-6 

128-9 

2-7 


Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Insoluble Acids 
Unsaponiliable. 

Neutralisation Nunibei 

Mean Mole,cnlai Weiubt 

93-94 

199-0 

1 

1 280-9 


By means of the Icad-salt-ether method 8-74 per cent of “ solid ’’ 
fatty acids were obtained. Amongst these were identified palmitic, 
stearic, and erucic acids. The liquid fatty acids consisted of oleic and 
linolic- acids. The less pronounced drying power of this oil, as compared 
with white acacia oil, is explained by the absence of linolenic acid. 


SERVICE BERRY Oil. — MOUNTAIN ASH BERRY OIL 


French — Iluile de sorhier sauvage. Gcrms^n—Vogclbeercnvl . 
Italian — Olio di sorha salvaiiea. 


The seeds of Sorbus aucuparia, L. (Service Berry ?),^ contain 21-9 
per cent of a fatty oil, which has a sweetish taste, is slightly yellowish, 
and dries on exposure to the air. 

10 grms. of the seeds freed from oil ga]|je 7-29 mgrms. hydrocyanic 
acid. The oil had the following characteristics : — 


Specific gravity at 15° C, . 

0-9137 

Refractive index at 15° C. . 

1-4753 

Saponification value ..... 

. 208 0 

Iodine value ...... 

. 128-5 

Iodine value of the insoluble fatty aeids . 

. 127-5 

Neutralisation value of the insoluble fatty acids . 

230-2 


CELOSTA OIL ^ 

French — Huile de Celosia. German — Celosiibl, 

Italian— Olio di celosia. 

This oil is obtained from the seeds of Celosia cristaia, L., a plant 
indigenous to the East Indies and China ; it is a greenish-brown drying 
oil. 

^ L. van Itallie and C. 11, Nieuwland, Arch. d. Pharm., 1906 (244), 164. 

' ^ De Negri and Fnbris, Chem. Ztd. Rep.., 1896, 161. 
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Physical and Chemical Characieiisiics of Celosia Oil 


Solidifying Point. 

Saponification Value. 

lotiine Value. 

-10° G. 

190-5 

i 

126 3 


Plii/sical and (dieviiral Characteristics of the Insoluhle Falhj Acids 



S()IiiliI\ mg Point 

Mi-llmu I’oint 

1 

21 -lire. 

27 '-29° G. 


ARGEMONE OTL ^ 

Fnmdi—Huile de pavot epinenx. (Jonnaii — Argemoncol. 
Italian — Olio di argemona. 


Physical aiul Chemical Characteristics of Argemone Oil 


Spi'cilic Gravity 

S.ipoiiilicatioii 

Value 

Iodine Value. 

Heicliei t-Meissl 
Value 

Ueliaetne 

Imlex 

At •!()' (' 

\ is( osit) in 
ItedwoodS \ IS 
eosiiiiet('i 

In.sntiilile 
Aeids f- 
rnsaponi- 
Halili' 

At G) r»" (waGjr 

Ui .')-!) 

MgriiiH KOH 

Per cent. 

t.e ^ 1101 in 
KOII 

ItntMo-i.*- 

Iiiietoinetei 

1 “ Degn t'H ” 

iNunilx‘1 ol 
Seuuel', at 

70’ F 

Per cent. 

1 . _ __ 

0 9247-0 9259 

187-8-190’3 

♦ 

119 91-122-5 

0-00 

j 62*5 

268-9-272 j 

95 07 

I 1 


Argcriionc oil is obtained from the seeds of Argemofie mexmtna,‘^ L., 
the Mexican or prickly poppy (Gamboge Thisth‘). Tlie fresh oil is of 
orange or light yellow colour, and has a distinctive and acrid odour. 

The Mexican poppy is a native of Jamaica, the Caribbean Islands, 
and Mexico. It was introduced into India about three centuries ago, 
presumably as ballast, and has now spread all over the country, and 
grows sjTecially well in desert land and the saliferous soils of the United 
Provinces and the Punjab. The oil could therefore be obtained in 
practically unliffiited quantities. 

The seeds are about the size of rape seeds and contain 36 per cent 
of oil, 9 per cent of moisture, and 6 potent of ash. W. H. Bloemendal ^ 
found in a number of seeds from Cura 9 oa and other countries '35-38* 7 " 

^ Crossley and IjC Siicnr, Journ. Soc. Chem. Ind., 1898, 991. 

^ D. Hooper, Agricult. Ledger, 1907, No. 6 (1908), p. 35. 

3 Ftiarm., Weekblad, 1906, 14. 
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* per cent of oil. By expression the seeds yield on a practical scale 
25-30 per cent. 

Volatile acids- -^acetic, butyric, and valeric — which have been 
stated to occur in Argemone oil, could not be detected in the two genuine 
specimens examined by Crossley and Le Sueur. These oils had the 
acid values 6-0 and 83-9 respectively. Hence the second specimen 
was completely soluble in 9 to 10 volumes of absolute alcohol at the 
ordinary temperature. 

Argemone oil is used in medicine and as a burning oil in the East 
Indies. Its acrid taste and active therapeutic action preclude its 
employment as an edible oil. In the West Indies and in Mexico the oil 
is used as a lubricant and illuminant. In South America the expressed 
oil is used by painters, and especially for painting wood. 

The seeds of Argemone alhiflora, A. speciosa, A. grandijiora, A. 
hispida, and A. Ilumemannii from Cura^oa, Cape Verde, and St. 
Eustatius yield about 37 per cent of a fatty oil. The oil extracted 
from A. speciosa by means of carbon tetrachloride had the specific 
gravity 0-9435 at 15° C., the saponification value 200-2, the iodine value 
113-3/ and gave a deep red colouration with nitric acid. 


FIR SEED OIL 

French — Ihiile de pignon. German — Fiehtensamenol. 

Italian— OZio di pmolL 

For tablets of characteristics see pp. 141, 142. 

“ Fir seed oil ” is the generic name for the oils obtained from the 
seeds of several kinds of coniferous trees. 

With the exception of the oil from Finns Gerardiana, a native of the 
East Indies, and the oil from Finns nionophylh, or F. Fremontiana^ 
all the species of trees from which the oils described below are obtained 
♦ are grown in Europe. 

Fir seed oils are stated to dry readily, and to find application in the 
preparation of varnishes. 

1 W. II. Ulocinendiil, rhann., Weckblad, 190G (43), 342. 
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DODDER OIL, CAMELINE OIL (GERMAN SESAME OIL) 

Freiicli — Iluilc de cameline. German — Leindotterol, Deutsches Sesamol, 
Rullol. Italian — Olio di cameline. 

For tables of characteristics see p. 144. 

Cameline oil is obtained from the seeds of Mya-grum sativum, Crantz. 
(or Camelina sativa (L.), Fr.), belonging to the Crucifer w. The seeds 
yield 30 per cent of oil {Gritmne ^). 

Several centuries ago the seed was grown all over Germany as a 
crop. At present it is harvested in some parts of South Germany, 
Belgium, Holland, Hungary, the Balkan States, and South Russia. 
Press cakes are shipped to this country (Liverpool) from Odessa, and 
are used in the manufacture of compound cakes. The seeds contain 
31-34 per cent of an oil of a golden-yellow colour and having a pungent 
taste and smell. On exposure to the air the oil dries slowly. Boiled 
with litharge or manganese borate it yields a slowly drying varnish. 

The low saponification value points to the presence of glycerides 
of erucic acid. The oil })repared by expression is free from sulphur, 
like all the oils drawn in the cold from seeds of the Crucifer ce (cp. 
“ Rape Oil,” p. 243). 

On account of its low price the oil is not likely to be adulterated. 
It is used in its turn for the adulteration of rape oil, in wliich it may 
bo detected by a high iodine value. Cameline oil is naturally present 
in linseed oil expressed from East Indian seed (cp. p. 57). 

The cold-drawn oil is occasionally employed for edible purposes. 
Its chief use, however, is for soap-making. It suitably replaces linseed 
oil for making soft soap during the winter. In summer, however, 
cameline oil cannot be used alone, its potash soap being liquid at a 
temperature below 20'' C. 

* Cheiii. Itmie, 1912 , 102 . 
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WALLFLOWER SEED OIL ^ 

French — Hiiile de girofle£. German — GoldlacksamenoJ . Italian — 
Olio di leucaio giallo. 

Thin oil is contained in the seeds of the common wallflower, CJieir- 
a)fihus Cheiri., L., and is obtained therefrom in a yield of 26*2 per cent 
as a green-coloiu'ed oil which on standing becomes brown. The fatty 
oil is accompanied by an ethereal oil (of the specific gravity 0-0034 
and refractive index at 20"" of 1*692). 

The fatty oil freed from the ethereal oil has the following charac- 


teristics : — 

Specific gravity at 15° C. 0 9240 

iSapoiiification value ...... 180-3 (!) 

iodine value ... ... 124-58 

Keieliert-Mcissl value ..... 0-33 

Titration number of insoluble volatile acids . . 1-4 

Lupiid uiisaponifiable substances . . . .1-43 per cent 

('lystallisabh^ imsaponifiable Hiibstances . . . 0-47 „ 

Insoluble fatty acids (free from unsaponifiable) . . 93-70 „ 


The fatty acids of this oil were found to consist approximately of : — 
Cheiranthic acid, 65-0 per cent ; linohe acid, 30 per cent ; linolenic acid, 
5 per cent. Matthes and Boltze obtained from the imsaponifiable 
matt(‘,r of Choiranthiis oil, after purification with petroleum ether, 0-5 
per cent of a phytosterol cryslallising in well-defined plates melting at 
136'" 0. and having the specific rotation -31*78'" and the iodine value 
{Hub!) 77*11. These observers give the formula C27ll4(.0 -f IlgO to 
this phytosterol. 


MADIA OIL 

French — Unde de Madia. German- -Mudiao/. 

Italian — Olio di Madda. 

l^Vir tables of characteristics see p. 14G. 

Madia oil is obtained from the seeds of the Chilian Madia saliva, 
Mol., belonging to the ComposiUv. This plant was cultivated success- 
fully in South Germany on an experimental scale ; but the experiments 
have been discontinued. The seeds contain 32-33 per cent of a dark 
yellow oil,* having a characteristic, not unpleasant odour. 

Madia oil occupies an intermediate place between drying and 
semi-drying oils. *With nitrous acid (elaidin test) it remains liquid ; 
for this reason, as also on account of its high iodine value, I have placed 
it amongst the drying oils. It absorbs, indeed, considerable quantities 
of oxygen, thereby becoming viscid. 

The oil is chiefly used for burning ; it is also used for soap-making. 
The cold-pressed oil is employed for edible purposes. 

' ^ Matthes and Eoltze, Archiv d. Fliami., 1912, 211. 
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STRAWBERRY SEED OIL 

French — Huile de fraisier. Oerman — Erdheerend, 

Italian — Olio di fragola. 

Strawberry seeds (from Fragaria vesca, L.) contain 19 02 per cent of 
a dryin^^ oil (Anarin ^). The iodine value of the insoluble fatty acids 
was 191-193. The fatty acids are stated to consist of 81 per cent 
linolic, and 10-5 linolenic and oleic acids. 

Kochs ^ examined a specimen of oil the characteristics of which 
difler widely from those {riven above. Thus the specific gravity is 
0'974, the iodine value 72-8, and the Reichert-Meissl value 13*42. The 
high acid value 56 indicates, as Kochs himself stated, that a partial 
oxidation (thi('kening) of the oil took place whilst the seeds were ground 
up to pulj). 


Phi/sical and Chenural Oharadm.dirs of Siiawhcn i/ Sml Oil 


! Sjiccilic (iravity 
{ ut 15' C. 

SapoiiihcalioM i 
Value. 

lojiiio Vahto 

lieu Iifit-Moissi Ri'fiu< tiv(t Index 
Value, at 

0*93 5 

J 

193*7 

1 

180*3 

1 _ , 

2*1 ' 1 4790 

1 


RASPBERRY SEED OIL 

French — Huile de frmnhoisier. Oerman — Ilimheerkernol. 

Italian — Oho di lamjwne. 

The seeds of the raspberry contain 14*6 per cent of a strongly 
drying oil^ which in Livachds test ^ absorbs 8-4 per cent of oxygen 
after two days. The liquid fatty acids consist chiefly of linolic and 
linolenic acids, linilic preponderating, and of small quantities of oleic 
and isolinolenic(?) acids. The acid value of the specimen of oil was 10. 
The unsaponifiable matter yielded 0-73 per cent (calculated to the 
oil) of phytosterol, of the melting point 134*5° C. 

^ Prot. Ibiss. Phys. Chem. Soc., 1903, 213; Cliem. Centralbl, 1904, ii. 459. 

Jahresh. d. Versuchs d. k. Gartnerlekranst. far 1U0(‘)~11107, Dalilcni. 

^ Krii^an, Zeitschr. f. ofentl. Chein., 1907 (13), 2(53 ; cp. J. Kochs, Jahresh. d. 
Versuchs d. k. Gdrtnerlchrarist , Dalilem. 
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Physical and Chemical Characteristics of Paspheri y Seed Oil 


j Spocillc OraMty 
at, lu") 0. 

Sapoiiilu-ation 

Viiluf. 

l(j<lmt‘ Vahio 

UcK iH-rl-Meiasl 
Value. 

"l 

0-9317 

192-3 

174-8 

0*0 


Physical and Chemical Characteristics of the Insoluble Fatly Acids 


Spucillc Oiavity 
at 1 5 0. 

Neutialisatioii 

Value. 

loOmo Value. 

0-9114 

197-2 

181-3 

Liquul Fatty Aculs. 

200-8 

18,5-9 


RED CURRANT SEED OIL 

French — Huile de groseille. Gonmin— Johannishccrsamenol. 

Italian — Olio di rihes. 

The dried seeds of tlie currant, Ihbes rubrnm, L., contain 16-9 ]ier 
cent of an oil of yellowish-brown colour and of pleasant odour. The oil 
examined by Kochs ^ had the acid value 5*6, and j^^ave the following 
characteristics : — 


Oilr^ 

Specific gravity at 16° C. 
Solidifying point 
Sajionification value 
Iodine value 
Reichort-MeiHsl value . 
Butyro-rcfractomotcr “ degrees 
Unsaponifiable . 

Fatly Acids — 

Melting point (capillary tube) 
Neutralisation value 
Iodine value 


0-9120 

. below - 17-6° C. 
. 171-3 (!!) 

. 162-5 

0-77 

” at 40° C. . 62 

2-31 per cent 


- 20° C. 
211 
169 6 


Kriiian ^ examined two specimens of Italian and of Boliemian 
origin respectively, with the following results 


' (/. Vn'sinfisd.l (iai t tin Irh roust. J^ir ra(}G~ltH)7^ D.dileiii 

(Jhem Itenic, 1909 , 1 
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Italian Oil. 

Bohemian Oil. 

Od— 



Specific gravity at 15° C. . 

0-9205 

0-9303 

Saponification v.iluo 

189-9 

180-9 

lodiiK' value .... 

172-3 

175-9 

Mixid Jnsotubtc Fatty Acids — 



Sjiecific giavity at 15° (J. . 

0-9117 


Ni-ntialKsation value 

190-3 


Iodine value .... 

178-7 

... 

Acetyl value .... 
Liquid Fatty Acids — 

13-2 


Nmitralisation value 

199-9 

200-0 

Iodine value .... 

187-8 

193-0 


Tlie Italian oil gave off siilpliiirettod liydrogcn on decomposing tlie 
saponified oil witli mineral acid, hence a fictitious llcichert-Mchsl 
value (M) was obtained. The Bohemian oil was fn^e from sulpluir. 
Tlic Italian oil contains stearic and palmitic acids (about 5 per cent), 
largo (juantitics of linolic acid, and smaller (|uantitieH of oleic and 
linoleiiK; acids. 

The oil dries on exposure to the air at a temperature of 5(f C. in 
seven hours to a dry, almost colourless skin (Kochs) The increase in 
weaght on drying at the ordinary temperature was 8-78 per cent 
(Kriizan). 


CRANBERRY SEED OIL 

Ti ench — Huile (Vairellc. (ferman — Prcisselheercnol. 

Italian -Olio di mulilJo. 

The seeds of Vacciuium vitis idaxt, L., contain 30-12 per cent of an 
oil having the following characteristics (Diedrichs 


Od — 

Specific gravity at 15° C. . . .0 1)301 

Saponification value . . . .190-1 

Iodine value . . . . .169-2 

Butyro-refractometor at 25° C. . . 83-4 

• „ „ at 40° C. . . 75-0 

Fatty Acids — 

Insoluble ^atty acids + unsaponifiablo . 95-7 per cent 

Neutralisation value .... 195-8 

Iodine value ..... 178-0 

Butyro-refractometer at 40° (). . . 00-4 


The mixed fatty acid contains linolenic and linolic acids. 

* Zeits. f. Unters. d. Nahrys- u. Genussm., 1912 (xxiv. ), 575. 
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BILBERRY SEED OIL 

Yramh -Huik de 7nirtille. German — Ileidelheerenol . 
Italian“-0/?o di hacola. 

The seeds of Yucciniuin myrtilhis, L., yield 31 per cent of oil having 
the following characteristics (Diedrichs : — 


Oil— 


Specific gravity at 15° C. 

0-9 

Saponification value 

. 190 4 

Iodine value .... 

. l(>7-2 

Jlutyro-rcfractometer at 25° (!. 

. 79 8 

M ,, at 40° C. 

71-2 

Fatly Acids — 

Iiksolublo fatty acids | iinsaponifiable 

95 7 

Neutralisation value 

. 200-7 

Iodine value .... 

. I77-.3 

Butyro-refractometer at 40° C. 

. 57-3 


The mixed fatty acids contain linolcnic acid. 


HOP SEED OIL 

French — Hnile de houhJon. German— //oyi/cHsaiHc ho/. 

Italian — Olio di kqrpoh. 

The seeds of the hop (Humnlus lupulm, L.) contain 21-'l to 28-5 
per cent of a light yellow coloured fatty oil, having iodine values ranging 
from 149*7 to 1GT5 per cent.^ 


HAWTHORN SEED OIL, HIP OIL 

French — Huile d'cglantier. Genimn—HagehuUcnsaniendl. 

Italian — Oho di rosa canina. 

The seeds of the berries of Cmiceyus oxyacanthetf Rosa canina, etc. 
(known as hips), contain 9*63 per cent of an oil of pleasant smell, and 
of yellow to orange-yellow colour. The oil examined by Kochs ^ had 
the acid value 4-2, and fuimished the following characteristics 

’ Zeib.f. Vnters.d. Nalngs- u. Oeimssvi., 1912 (\xiv.), 

“ L. Bnajit and fl. Hannan, Journal of the Imtduteof limring, 1910, p. 5. 

^ Jahresb. d. ]'ersurhs d. k. iiartnerlehranst. fur 1900-1907, Dalilem, 
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Oil— 

specific gravity at 50® C. . 

. 0-9101 

Solidifying point .... 

. below - 17-5® C. 

Saponification value 

. 172-8 

Iodine value 

. 152-8 

Rcichort-Mcissl value . 

0-44 

Unsaponifiable matter 

2 02 per cent 

Butyro-rofractomcter “degrees” at 40' C‘. 

07 

Fatty Acids — ■ 

Neutralisation value .... 

. 202-9 

1 odine value ..... 

. 174-3 


On exposure to tlie atmosphere at a temperature of 50"^ C. tJie oil 
dried after seven hours to a liard, almost colourless skin ; at the ordinary 
tem})cratuj-e it thickened after seven days, and was dry after ten days. 


BLACKBERRY SEED OIL ^ 


French — Iluile de ronce. German — Bromheerkernol 
Italian — Olio di more. 


For tables of characteristics see p. 162. 


This oil occurs to an extent of 12-6 per cent in the seeds of the 
blackberry. The oil obtained by extraction with petroleum ether is 
dark green to yellowish, and shows in reflected light a red fluorescence. 
The green colour is due to chlorophyll, which is difficult to remove, as 
the liquid fatty acids prepared by the lead-salt-ether method still 
exhibit an emerald-green colour with red fluorescence. The oil had an 
acid value of 2-03. The fatty acids were resolved by means of the 
lead-salt-elher method into 4*7 per cent of solid, and 91 per cent of 
liquid acids. 

The solid fatty acids melt, after crystallisation from alcohol, at 
C,, and probably consist of palmitic acid. The liquid fatty 
acids wore exhaustively examined by Haztira\s method, and from the 
amount of the oxidation jiroducts obtained, the following approximate 
composition of the liquid fatty acids was derived : — 


Oleic acid 
^ Linolio acid 
Linolenic acid 

Isolinolonio acid 

« 


Per cent. 

17 

80 

about 1'5 
„ 1-5 


The unsaponifiable matter in the oil amounted to 0-83 per cent ; 
0-6 per cent were obtained as crystallised (phytosterol) sitosterol, of 
the melting point 133"^ C. The oil has distinct drying powers ; in the 
Livache test it showed after three days an increase in weight of 6-87 
per cent. The oil dries somewhat less rapidly than raspbeny seed oil. 


^ Kriifttii, Chem, Revue, 1908, 7. 
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Physical and Chemical Characteristics of Blackberry Seed Oil 


specific Gravity 
at 15* C. 

Saponification 

Vahze. 

fodirio Value. 

Kcicliort-Meishl 1 
Value, I 

0*9266 

189-5 

147-8 

O'O 


Physical and Chemical Characteristics of the Insoluble Fathj Acids 


Specific 
Giavity 
at 15- C. 

Insolnlilo Fatty 
AckIh 

+ Un saponifiable. 
Per cent 

t 

Mean 

Molecular 

Weight. 

Iodine 

Value. 

Acctyl 

Value 

0-9070 

96-3 

280-9 

ISS'I 

1 

13-9 



1 Luiuid Fatty Acids 




281-3 

163 2 



MULBERRY SEED OIL ^ 

PmnAi— Haile dc murkr. Gmnan—Maidbeersamenol. 

Italian — Olio di moro. 

Mulberry seed oil is a viscous oil of golden yellow colour, faint odour, 
and pleasant taste, obtained from the seeds of Morns alba, 1^. The 
seeds yield, on extraction with ether, 33 per cent of oil. Two specimens 
of oil, the one extracted with ether and the other obtained by cx])ression 
— whereby only 2d per cent of oil was recovered— gave the following 
characteristics 


* L. Pnissiii, ChevK Znl., 1910, S30. 
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Extracted with 

j 

i 

EtlUT 

Kvpicsst'd. 

\oil-~ 


! ^ 

SjHH'iiic gravity at 1.5'’ i\ . . ' 

0 <)2()0 

1 0 92-15 

; „ „ atioo^r. . 

0-8700 

0-8092 

! (water at I.')® C -- 1 ) 

Sa]ioiiifi(*atioii value . 

100- 1 

191-3 

! Iodine valu(‘ . . , . ! 

140-4 

143-3 

1 Rc'iehcrt-Meissl value , . 1 

0-35 

0-10 

' Butyro-refractonieter at 1.5" (’ . j 

78-2 

77-7 

at 2.5" C . 1 

72-5 

71-9 

at40"(^ . 1 

03-9 

03-0 

' Maurnene (Tortelli’s Thermoleo- ' 

1 meter) i 

94-8 

95-0 

Fatly Acids — 

1 Iri.soluble acids + iniHaponifiable ; 

94-95 per cent 

9.5-57 per cent 

Sjieciric (gravity at 100" (' 

0-8500 

0 8544 

(water at 15" ^ 1 ) 

Solidifying point . 

Melting point 

20-8-21-2 

10 2-19 0 

23-0-2.5" U. 1 

22-23" C. 

Neiitialisation valiu* . 


194 

Sajionifieation value . 


199-8 

‘ Iodine value 


144-1 

Mean moJeeular wisght insolubli' 

^ fatty acids .... 

270-4 1 

280-9 

, lodiiK'- value of li(pn<l fatty acids 
, Biityro-refractometer at 30" . 

1 10-5 

159 9 

03-2 

.58-5 

,, „ at 40" (1 . 

57 8 

55-3 

1 „ „ at 45" C . 

55 5 

51-0 

1 Liipiid fatty acids, per cent . i 

79-4 

80-0 

I Solid fatty acids „ 

20-0 

19-4 





The (nl is stated to be soluble in b5 per eeni alcohol in the hot, in 
an equal volume of absolute alcohol at 39‘' C., as also in an equal volume 
of ^rlacial acetic acid at 41" C. 

In the Liraclic test, extracted oil absorbed 3-() jier cent of oxygen 
after six days, and 9'38 ])cr cent after fourteen days. 


WELD SEED OIL 

Frein^i -//wde de (jaude. German - 'Wausamenol. 

Italian — Olio di (juadereUa. 

This oil is obtained from the seeds of the dyer’s weld. Reseda luteola, 
D.C. Owing to the presence of chlorophyll, the oil has a dark greenish 
tint. Its specific gravity is 0-9358 (Schilbler ) ; its solidifying point 
-20" C. It has a bitter taste and nauseous odour. The oil dries 
easily on exposure to air. It is used as a burning oil and for making 
varnishes. 
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ISANO (UNGUEKO) OIL ^ 

Isano (FSano) oil is obtained from the seeds of the I’Sano ^ or 
Ungueko,^ Onguekoa Gore, Engl. ; Ongokea Klainlana, Pierre, a large 
tree of the family Oleacew, growing in the Frencli Congo. The ground 
and dried seeds yield 60 per cent of oil of the specific gravity 0-973 
at 23° C. It remains liquid at - 15° C., is reddish in colour, has an 
insipid flavour and fishy smell ; it is viscous and possesses strong 
drying powers. Maumene test 115° C. The bromine value is stated 
to be double that of oleic acid, and the oil is said to contain 86 per 
cent of liquid fatty acids (the lead salts being entirely soluble m ether), 
consisting of 15 per cent oleic acid, 76 per cent linolic acid, and 10 per 
cent of isanic acid (Vol. I. Chap. III.). On saponification from 12 to 
13 per cent of glycerol are said to be obtained. 

Apparently identical with this oil is the oil obtained from the seeds 
of a tree known to the natives of the Belgian Congo Jfc “ Boleko ” or 
Sano.” ^ The whole seeds contain about 23 per cent, and the kernels 
78 per cent of oil. 


MOHAMBA OIL ^ 

The seeds yielding mohamba oil are very similar to those of the 
Isano tree, but after drying they yield only 12 per cent of an oil of the 
specific gravity of 0-915*at 23° C. The oil remains liquid at -15° C., 
is of yellow colour, fairly fluid, inodorous, and has an insipid taste. 
Mmmene test 55° C. 

On saponification about 9 per cent of glycerol and 90 per cent of 
brown unsaturated (liquid) fatty acids are obtained. From the lead 
salts of the acids (which are entirely soluble in ether) there was obtained 
a white fatty acid melting at 34°-35° C., soluble in alcohol and ether, 
and crystallising from the latter in laminae. This acid absorbs about 
as much bromine as oleic acid does, and would therefore belong to the 
dleic series, but does not seem to be identical with any known acid. 
The liciuid acids appear to consist of oleic acid, as they absorb an 
amount of bromine corresponding to oleic acid and give the elaklin 
reaction. 

The seeds of Lawsonia alba, Lamk.® (the henna plant of Western 
Asia, which is found wild or cultivated throughout India), contain 
10-48 per cent of an oil which solidifies at 25-5° C. To has the iodine 
value 121-63. The oil is not likely to become a commercial product. 

' Ileheit, ifoKrti. Soc. Chem. Ind., 1896, 660. (!p. Heckel, Les Graines grasses 

nouvelles on pea eonnaes des colonies f ram^aises. Parks, 1902. 

^ TxJcal name in J^oango, 

^ Local name. 

^ Bui/. Agric. dii Congo Beige, 1911 (2), 203. 

^ D. Hooper, yonr/i. Proe. Asiatic Society of Benged, 1908, iv, 
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“ Tannoom seeds ” from Ckrozo'phora verhascifolia, yield 35 per cent 
of a thick oil, which the Bedouins of Arabia use in place of ghee. The 
oil had the saponification value 200*2, the iodine value 137'0. The 
insoluble fatty acids had the “ titer test ” 30*5° C. The acid value of 
the specimen examined by Hooper ^ was 33. 


(2) Semi-Drying Oils 

The oils comprised in this class form an intermediate link between 
the drying and the non-drying oils ; this is readily shown by their 
iodine values, which lie between those of the drying oils and the non- 
drying oils. 

Chemically they differ from the drying oils by the absence (or 
practically complete absence) of linolenic acid, whilst they are differenti- 
ated from the non-drying oils by containing considerable amounts of 
linolic acid. The proportion of linobc acid decreases as the iodine 
values decrease. The members of this class appear to range themselves 
naturally into two groups : — 

(a) Cotton Seed Oil Croup. 

(^) Rape Oil Croup. 


(a) The Cotton Seed Oil Group 

The members of tliis group still ])ossess distinct drying ])ropcrtics, 
although they are less pronounced than in the case of the true drying 
oils. 

The drying power becomes more apparent on allowing the oils 
to dry at a somewhat (devated temjierature. At the ordinary 
temperature maize oil and cotton oil form a viscous mass after 
exposure to the atmosphere for several weeks in thin layers. This 
group takes its name from its most prominent member, which may 
be considered as t he type of a senii-diying oil which is characterised by 
a notable amount of linolic acid. 


(UiJLANDINE OIL, SWALLOW- WORT OIL 

French — HuiJe de chelidoine. QevmdiwScliollkrautoL 
, Italian — Oho di celidonia. 

This oil has been obtained from the seeds of Chelidoniiini niajus, L., 
which contain 4G-6 per cent of oil. The specimen examined by Fokin ^ 
had undergone hydrolysis to a considerable extent, as is evidenced by 
its high proportion of free fatty acids, viz. 50*4 per ('ent. 

Fokin states that the oil contains no linolic acid. 

^ Annual Ileporl, ludvtu Aluseuiti, 1907-1908, p. 13. ** Cheiiu Heouey 1906, 130. 
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Fhysicul and Chemical Characteristics of Celandine Oil 


Bpocific Gravity. 

Saponification Vuliio. 

At 

•c. 

Mgrma. KOIl. 

19 

0-917 

198 2 

(water 19" 



= 1) 


_ ^ 1 


Fhi/sical ami Chemical Char ad eristics of the hsoluUe Faity Acids 


specific (ii.ivity 

SolnJifying Point 

Molting Point 

Neutralisation 

Value 

lodiiio Value. 

At''C. 

“C. 

•c. 

MgrtiH. KOn. 

Per cent. 

19 

(water 

0 902 

6-4 

7-16 

201 1 

127 ’3 


DAPHNE OIL ^ 

French — Haile de Daphne. German — DaphneoL 
Italian — Olio di daphne. 

The seeds of Daphne Cnidium, L. {semen coccocjnidii)^ and oilier 
Daphne species such as D. Mezereum, contain from 36 to 37 per cent of 
a greenish-yellow oil which dries on exposure to the atmosphere. 

The solid fatty acids of the oil consist of palmitic and stearic' acids ; 
the statement that the licjuid fatty acids contain in addition to oleic 
and linolic acids also linolenic and isolinolenic acids rccpiires confirma- 
tion. 


Physical and Chemical Characteristics of Daphne Oil 


Specific Gravity 
at 15’ C. 

Saponification Value. 
Mgrins. KOI I 

Iodine Value. 

Por cent. 

0-9237 

196-5 

126-1 


^ Peters, Arch. d. Phaim., 1902, 240. 
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CLOVER OIL (red CLOVER OIL ; WHITE CLOVER OIL) 

French — Iluile de trefle. German — Kleesamenol. 

Italian — Olio di trifoglio. 

This oil is obtained from the seeds of the clover, Trifolkim. Two 
species of clover seed, viz. Tri folium pratenSe perewne, L., red clovi'r,^ 
and Trifolium repens, L., white clover, were examined by Valmtin 
Jones." The seeds of the red clover yielded 11 T per cent, and tlie seeds 
of tJie wliite clover ITS per cent of oil on extraction with petroleum 
ether. 


Physical and Chemical Characteristics of Clover Oil 


Clover Oil. 

1 Siiponifieation Value. 

Iodine Value 

Reichert-Melnsl Value 

Red . 

189‘9 

124*3 

6 6 

White 

189-6 

1197 



8 6 


Physical ami Chemical Characteristics of the Insoluble Fatty Acids 


Clov.r Oil. 

Insoluble Acids 
+ Uiisaponiliablo 

Neutralisation 

Value. 

Mean Molecular 
Weigbt. 

Iodine Value. 

Red . 

93-62 

198-1 

283*2 

126 2 

WJiito . . 1 

93-24 

197*6 

283*8 

122-2 


The solid fatty acids of red clover oil consist of jialmitic and stearic 
acids. The liquid fatty aiids contain oleic and linolic acids, the former 
predominating. 

White clover oil resembles very closely in its chemical composition 
the red clover oil. The lower iodine value points to a smaller proportion 
of li([uid fatty acids in wliitc clover oil. 


The following twelve oils are described together, as they are all 
derived from cucurbitaceous plants : — 

’ Cp F. IL Power and A, H. Salway, “The ('onstituents of lied ('lover Flowers," 
Joiun. Chem. Sac , 1910, ‘iSl. 

Mitt it. k, k. technohuj. (Jrweihe- Museums, 1903, 223. 
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PUMPKIN SEED OIL 

French — Huile de courge, huile de fotiron. German — Kurhissainenol, 

Kufhiskernol. Italian — Olio di zucca. 

For tables of characteristics see p. 159. 

Pumpkin seed oil is obtained from tlie seeds of Cucurhita pepo, L., ))y 
cold expression. 

The entire seeds consist of 23-5 per cent husks and 7()-5 per cent 
kernels (“ meats ”). The whole seeds contain from 35 to 37-5 per cent 
of oil ; the kernels yield from 47 to 48 per cent of oil. In South Kussia 
the oil is prepared on a commercial scale by roasting the seeds and 
subsequently expressing the oil in the hot.^ 

The oil obtained by cold expression has a greenisli colour with a 
faint red fluorescence, whilst that prepared commercially, as desciibed 
above, is stated to be viscous and of a brownish-green (colour by trans- 
mitted light, and of a deep red colour in reflected light. It should be 
noted that the seeds pass through various stages of drying or roasting, 
which no doubt exercise a considerable influence on the colour of tlie oil. 

The oil expressed by Power mid Salwag had a cherry-red coloui' 
in layers of moderate thickness and then possessed a marked fluor- 
escence ; in thin layers the oil appeared greenish-yellow. 

The characteristics obtained for oils prepared by Poda by both 
methods agree closely with those yielded by commercial oils. 

Power and Salwaij ^ found in an extended examination of a specimen 
of oil that it consisted of : — palmitic and stearic acid, as glyci'ridos, 
30 per cent ; oleic acid, as glyceride, 25 per cent ; and linolic acid, as 
glyceride, 45 per cent. No myristic acid was found ; nor could linusic 
a(ud be isolated from the products of oxidation so that linolenic. acid 
may be said to be absent. — Amongst the unsajionifiable matter there 
was found a phytosterol of the formula O 27 II 40 O melting at 102'^-1G3" C. 
The pumpkin seed oil was optically inactive. 

Strauss ^ attempted to bleach the oil (obtained by expressing the 
crushed seeds after heating them to C.) with concentrated 

sulphuric acid, chlorine, ozone, and sulphurous acid, but the results 
were not satisfactory. Other experiments, having for their, object 
the refining of the oil with caustic soda, yielded a pale oil, but tlie 
losses due to saponification were very considerable. 

^ Journ. Soc. Chevi. Ind., 1898, I0.^>4. 

Journ. Ama. Ciifin. <SW., 1910 (2‘2), 847. 

» ahem. Zed., 1903, 527. 
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The cold-drawn oil is used for edible purposes in Austria, Hungary, 
and Russia ; the oil from the large cucumber grown on the Slave Coast 
is said to surpass olive oil in flavour. The edible oil is frequently 
adulterated with linseed, cotton seed, sesame, and rape oils. Linseed 
oil would be defecated by its high iodine value and the bromide test ; 
cotton seed oil by the Halphen colour reaction ; sesame oil by the 
Bauduuin colour reaction ; rape oil by a low iodine value, in conjunction 
with a lower saponification value. 

The lower qualities of pumpkin seed oil serve as a burning oil. 


The seeds from the Indian pumpkin yielded 25 })er cent of an oil, 
having the following characteristics (Hooper 


Oil— 

Specific j'ravity at 15® 0. 
Saponification value . 

Iodine value 
Reichert-MeiHsl value . 

Fatly Acids — 

Insoluble acids -[- unsaponifiable 
Titer test 

Acid value of the speciuien oxa 


0-02G ; 0-028 
195 7; 10()-2 
120 0; 120 0 
0 43 ; 0-52 


04-07 ; 04-7 per cent 
. 3l0®(,t; 32° C. 
lined . 12-78; 10 80 


For the oil from Cucurhita maxima, the “ squashed gourd ” of India 
had the following characteristics (Hooper : — 


Oil— 

Sjiecific gravity at 15° (t 
Saponification valu(‘ . 

Iodine value 
Keichort-MeiHHl value . 

Fatty Acids — 

Insol ubl(' acids l unsaponifiable 
Titer test 


0 - 010 ; 0 020 
101-0; 107-1 

88-7 (V); 133 4 
0-47 ; 0 07 


04 3; 95 8 
32° C. ; 38° 0. 


COLOCYNTH OIL 

French — Haile de coloquinte. Cerman — Koloquintensamenol . 

Italian — Olio di coloquintida. 

I 

From the colocynth seeds (Citrulhis colocynthis, Arn.) of Baluchistan 
17*8 per cent of oil are obtainable (Hooper ^). The cyl extracted (by 
means of carbon tetrachloride) from Algerian ^ seeds had to a slight 
degree the characteristic taste of the oils belonging to the Cucnrhilacece, 
Power and Moore ® obtained from the seeds of Ciirullus colocynthis, 
Schroeder, 12*7 per cent (by extraction with petroleum ether) of a clear 

' Annual /tcpoif, Indian Museum, 1907-1008, p. 13. 

Grimaldi and Prussia, Jiidl. Chun. Farm., 1909 (48), p. 93. 

Jonra. Chem. Soc., 1910, 99. 
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pale yellow, optically inactive oil. Tlie following cliaracteristics were 


ascertained : — 

! 

J Hn<)|)('i 

(iiini il(ii .111(1 

j Tow (M .111(1 

i 

I’ni'.si.i 

\l()l)lc 

! Oil— 

! Specific gravity at l.Y(’ . 


0 02S0 


j ,, ,, at2(r(' 

1 (water at 2(L ( '. I) 


0 !)273 

Speeiticgravit) at lOO'M’ 

(uatei at l.l'’ ( ’ 1 ) 

Solidifying point . 

Sapoiiiticatiou value . 

i 202 0 

0 87.33 

It® {’. 

101 7 


Iodine value 

12!) 3 

120 1 

1 S ( ! T 1 

I2(i () 1 

' llciehcrt-MeisHl value . 

i 

0 :c> 


Eiitvio-retractoineter— - ' 

: “ degrees ” at 15® ( • 


78 2 


at 25® ( ' 


72 3 


at 40®!’ 


03 5 


MauiiK'ne test (in Tortelh's 
apparatus) .... 


80 4 

1 

Fatty Acids — ■ | 

Iiisolublo acids -|- unsapomliahle 

1 Specific gravity at 50® ( ’ . 

02 2 pc'r cent 

' 00 72 p<‘r cent - 



0 8()m ' 

[ (water at 50° ( ' 1 ) 

Specific gravity at 100° C . 

(water at 15° (’ — 1 ) 
Solidifying [loint . 

2!)° (tit(‘r) 

0 8537 

20 2-27 2 

1 

I Melting point 

20 2-30 

20 5-32 

Noutraiisation value 


' 102 0 

1!)5 0 

Sa])onification value 

Iodine value 


108 2 

121 

13l’i 

Iodine value of liquid tatty a( ids 


150 

j Lapiid fatty acids " . i 


50 2 ])er cent 

13 8 


t Solid fatty acids . . . > 



1 Butyl '-refiaetoinetei - 




“ dego'os ” at 30' (’. . 

,, at40‘M' . . ■ 


.5)) 7 

51 5 


„ nt45M' . . 1 


48 3 



Power and Moore isolated from the oil a })hvtost('rol melting 

at 159"-160^ (acetate melting at 167'^-17(L) having [a]„== +8-1". 

The Algerian oil absorbed in lAvaches test, after d days 5-22 per 
cent, and after 7 days 5-76 per cent, of oxygen. Tlie acid value of the 
Baluchistan oil was 5 !) and that of the Algerian oil 2-7. 


IKPAN SEED OIL ^ 

» 

1* rench — H ude d’lkpan . German — Ikpanmmenol. 

Italian — Oho di semi di ikpau. 

This oil is obtained from the “ ikpan seeds ” of Southern Nigeria, 
which are probably derived from one of the forms of water nielon, 

^ JiulL Imp. hist., 1907 , 132 , 133 ; 1908 , 356 , 



162 


GLYCERIDES— SEMI-DRYING OILS 


CHAP. 


Citrullus vulgaris, common in West Africa. The seeds consist of 36 
parts of shells and 64 parts of kernels. The kernels yield 40 per cent 
of a pale yellow oil from which on standing some “ steariiie ” separates. 
The following characteristics have been ascertained — 


i Specific ^o'avity nt 15° C. . 

Saponification value . 
j Iodine valiK' .... 
j Insoluble fatty acids f unsaponifialilc 
I Titer tc.st of fatty acids 


0-9184 0-922 

. 194-0 j 196-5 

. I 106 0 I 107 0 

. . !)5 9 per cent , 

. i :i(C C. 


riirce other oils obtained fTom species of (^ih alias, viz. Ciliidlus 
aaudiaiaaus (Hook), ('tirullas vulgaris, and an unidentified species from 
West Africa, were examined by Gruaiae^ and bv Ileerinq and Giiinme. 
Ihe characteristics of the three oils are collated in the following table — 


< 111 lOHII 


(’ 

n.iuiliiii, Hills - 1 

1 

c Vul<;.iii-, ' 


Oil— 




Yield of oil from seeds, per cent 

15 :i;i 

15.33 

1 1 8 

Sfiecifio gravity at 15 15° C 


0 9143 

0 9158 

Solidifying point, °('. 

- 7 

- 5 

-115 

Melting point, ° ( ’. 


- 2° 


Sajionificatioii \alu(‘ 

2o:i 1 

198 2 

195 6 

Iodine value (Wijs) 

i2o-:i 

12.3-7 

119 5 

Refractive indcK at 20’ ('. 

1 4717 : 

1 4728 


,, ,, at 15° G 



1 4751 

Unsaponifiablc matti-r, per cent 

4-37 

1 31 

0 28 

Fathj Acidic — 




Insoluble acids j- unsa])()nitiable i 




per cent 


94-6 

95-9 

Solidifying point, ° (\ . . , 


32 

3.3 

Melting point, ° (’. 

324U i 

34-35 

.34 1 

Neutralisation value . 

182 2 

196-2 

194 5 ; 

Mean molecular weight 

308 3 1 

286-2 

285 8 

Iodine value 

104 0 

112-3 

122-3 

Refractive index at 40° G. : 

1-4647 1 

1 -4632 


„ ,, at 45° G. . 1 

1 


1 4568 

NARRAS 

SEED OIL 


• 


This oil is obtained from the seeds of Acaathosicgus horrida, Welw.^ 
This species differs from all other plants belonging to the Cucurbitacece 

1 Chem Rfvne, 1910, 182, 268. ^ 

‘ C/inn Zni(,v/hlnf(, 1911 (ii.), 1742. 

■* (’]» l)nili*r, Tiopi'iipflaiizn, 1901, S. 474. K. Mailodi, Eiuilas hot. Jahrhucher 
1888, S. 178. 
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bv its want of leaves. The plant covers the Jiei^ifhls sniioiinding 
Walfisli Bay in hed<,^es and shrubs rising; to a hei<^dit of from 3 to o teet. 
The k(!rnels contain 47-8 per cent of a fatty oil, which had the followin^j; 
charactei'istics ; ^ -- 


Oil— 

Solidifying point, ('. 
iMclIiiig point, “(!. 
Saponification valin*, . 
Iodine value 

Refractive index at 20° C. 

Fidhj Acids — 

Solidifying point, °C. 
Abdting })omt, ° C. 
Neutralisation value . 
Iodine \alue 

Refractive index at 40° C. 


-0 to - IL5 
ISI 1 
110 0 
I 47(iS 


. 2() - I(S C. 

. : n -:}2 

. 179 s 

. 122 0 

1-4581 


BRVONY ()IL“ 

French— //udc de vujne bldiiche. ({ernuin — Zaniirubeiiol, 
Italian— 0//0 dt brionia. 

The (poisonous) seeds of Bnjonia dioica, belongings to the Cucur- 
bihwew, contain 23 6 percent of a viscous, reddish-yellow oil, having the 
following characteristics 


Sajionilieatioii value . . . , 193 0 

Reichert-Meissl value . . . . 0 06 

Iodine value . . . . . 135 1 

Outyro-refrai toineter, “ degrees ” at 25° C. . 75-5 

„ „ „ 40° a . 07-2 


No liexabroinide was obtained in the “Bromide test” (Wil. I. 
p. f75). 


WATKK-MELON OIL 

French— //^o/c de paseque (hade de citwiidle ^),hudc defjros berajj {hereJJ). 
(levm'dLX — WassennelonenoL Italian —Oho di cilnuolo. 

• 

The semis of Cticu/ius citndlus, L, [Cucurbita edrallus, L.), yield 62 
per cent of kerne^#s containing 65-8 per cent of oil ; hence the seeds 
contain l()-8 per cent of oil. 

Power (Hid S(dwa?j,^ however, found only 19 per cent of oil in the 

^ C. (Iriiiiiue, (^Jici)t Pecuc, 1910, 182. 

‘ A Diediudis, (%’m Herne, 1912, 239. 

^ It dioidd be noted that the name “liuile de citiouille” would also apjily to 
puini)lvin seed oil.” 

Jonni. Ainei. (Aiein. S»c., 1910 (22), 
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entire seed ; they obtained by expression 7-4 per cent of a light yellow- 
coloiired oil, entirely devoid of fluorescence. This oil was optically 
inactive. The chemical composition of this oil was as follows : — 
Palmitic and stearic acids, as glycerides, 30 })er cent ; oleic acid, as 
glyceride, 25 per cent ; and linolic acid, as glyceride, 45 ]ier cent. Of 
the solid acids, steaiic seems to preponderate. This oil also contained 
a small amount of phytosterol melting at 1G3°-16T^ C. Whereas the 
composition of tlio oil closely resembles that of pumpkin seed oil, the 
phytosterol, although agreeing in its melting point with the ])hytosterol 
from the latter oil, has the composition PoQlhj^O. 

A specimen of oil examined by iry.s’ ^ contained T2() per cent free 
fatty acids; it gave the characteristics rei'orded in the following tablt's: — 


Phi/siedl (ukI (Jhcniicid Character tf^hrs of Wato-nieloa Oil 

S|)(umIk' iL\ I S.ijiDiiilH .it KMi \ nine lo'l iin' \ .iliu* 


I 


AIuiiiis KOli. 


0 9100 189 7 

(watei 4 ' - I ) 


()-92:i:i ^ 
ter at 20'' 

0 9219'^ 


( Vi 


Wijs 


I Tit(M’ Test, 
i 32 


) : lDl-8; 

1 

1 

“ 189 9-'* 12 

\ Che lineal Ch a racier'i si Ic. 

Mi'ltiiiK 

Ni-iil i.ilisjitiMM Sap 

' I’oiiit 

Nninla'i 

; 

i 

M^;lllts. KOII ,Mo| 

34 

197 1 


121 I ; - 121 8 ' Fo\v('i and Salway I 


Mc.iii 
MdliH iilai 

Wn-lir 


197 1 1 281 1 


122-7 


The oil gives neither the llalphcn nor the Baudoirin reaidions. 


SENAT SEED OIL 

Cucunu.s Chate, L., the senat plant grown in the Anglo-Egyptian 
Sudan as a cultivated plant (and also occurring widely as a weed), 
contains 30 to 38 per cent of a pale yellow oil, furnishing the following 
characteristics : ^ — • 

^ Zea.'> f. Unteis d. Nahujs- v. 1903, 192. 

Expiessed oil. ^ Extracted oil. 

* Bvll. Imp. Inst., 1913, aO. 
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Oil— 

Specific gravity alDS'l/)® C. . , . . 0 921 

Saponification value . . . , .187-192 

Iodine value ...... 117-128-r) 

Fatty Ainds — 

Itisolnble acuD | unsaimnifiahle . . , 96-6 

Titer test . * . . . , , 30-3 


MELON SEED OIL ^ 

L'reiirli — Huile <Ic nu’lon, Jiuile de ])Ctit hcraff (hereff). 
iU^rmnn—Mrhtienol. Italiaiv -0/w dt melloue. 


Physical and Chemical Chara if eristics of Melon Seed Od 


Solidifying Point 

*0. 

Melting Point 
“C. 

Saponilicatioii 

\:iluo 

1 

ludiiK' Vnliif 

f) 5 

5 

193 3 

101 5 


fJdii/snol ami i'hennral (itauieteudics of the Insoluble Fatty Acids 



SolidilMiig Puint 

Melting I’omt. 


“0. 

0 C 

3(5 

39 


t^fiOon oil ia ()l)tjiine(i from tiic .sccals of Cacumis melo, , wLicii 
lorm an article of commerce on the Slave (bjaat and (fold ('oast of 
West Africa. TJie seeds examined by Fendler (‘onfained 43-8 ])er cent 
of oil. 

The specimen of oil examined had the acid value of 4-81. 

Lidqff describes a melon seed oil obtained in thc' south of Russia 
])y expression. The oil is used for edible purposes, but is not an article 
of commerce. 4Te numbers obtained by JeidoJJ deviate so much from 
those ^uven for both water-melon oil and melon seed oil that they have 
not been admitted into the tables. 1 1 is results are as follows : — 


Yjpld of oil by extraction 
Specific gravity of the oil at 15'25‘^ C. 
Saponification value .... 
Iodine value ..... 
Percentage of insoluble acids iin.saponifiablo 
matter ..... 
Iodine value of the fatty acids 
Viscosity at 70° C. in Engler’s apparatus 

(water:=-l) ..... 

Acid value of the sample 

^ Zeits. f. Unieis. d. yahrgs- u. (lenassm., 


29-4 per cent 
0 927G 
190-5 
133-3 

95-3 per cent 
128 

8-9 

1-37 

1903, 102.1. 
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Lidoff also found a liigli acetyl value. Jfis conclusion, tliat the pro- 
portion of hydroxy acids in the oil is large, must be accepted with reserve 
(cp. Vol. I. Chap, VL). 

The oil from the seeds of Indian (h/cunris sahrus (Hooper has 
the following characteristics; — 

Oil— 

(Specific gravity at 15° C 
(Saponification value . 
lodmo value 
lioichort-MeiHsl value . 

Fnfhj Jc/f/.s — 

Insoluble acids-} uiKsa])oi 
Titer test 

Acid value ol the .sjiecinn 


MAIZM OIL, CORN OIL 

hreiich-- Jlude de (lei man— Maisol. Italian— 0/?o de rotus. 

Oho dt (panturco. 

hor tables of characteristics see ])p. 161), 170. 

Tlie germs of tlie maize ])lant, Zm Mays, L., from which tins oil is 
obtained, are recovc'red, in the process of manufacturing starch, by 
sifting and wnimownng from tin' starch granules in wind) tliey are 
imliedded. The oil is therefore a by-jiroduct of starcli and glucose 
works using maize (“ corn ") as their raw' matei-ial. 

Formerly maize oil was obtaimal as a by-})roduct in the alcojiol 
distilhn’ies. When the malted and crushed grain was allowed to 
ferment, the oil was laid bar<" and ros(‘ to the top in tin' fermentation 
vats. Before distilling off the alcohol, the oil wars ladled off and purified 
in a crude fashion by waashing, filtering, and settling.'’ Since, liow'- 
ever, the presenci', of the germ imparts an un])leasant flavour to the 
spirit obtained by fermentation, and the oil so recovered wais very 
impure, and had a different character from oil ex])ressed from the 
germs, the older process of fermenting the crushed grain lias been 
abandoned. At present the corn ” is first malted, then ( riisfied, 
beaten up wdth water to a fine })ulp, and the germ sejiarated from tlie 
starch by sieving. The isolated germs are then expressed like oleaginous 
seeds in hydraulic presses. In a dry condition the germs contain 53 
per cent of oil, and yield in practice about 40 per cent.^ The whole 
grain contains 4-10 per cent of oil. The cake, widen results as a by- 
product in the ex})ression of the germs, is sold as cattle food of somewhat 
inferior value. 

At the 8t. Louis Exhibition, 1904, the author saw^ a collection 
(arranged by the State of Illinois), demonstrating experiments made at 

* Annual Repoit, Indian Mnsrinn, lfi07-190S, p. l.‘J, 

- T. R. Wiigiici, 111 till* Jonni. Sur. Chnn. hid., 1909, .‘142, stati'S that tlu; genu con- 
tains 29'() per cent. 


. 0 924; 0 923 

195 2; 19fi-9 
117-6; 118 5 
. 0 52 

tiifiable . . 94 2: 94 6 

35 5° C. 

i-n (wainiiied . 11-5 



XIV 


MAIZE OIL 


167 


the A^q'iciiltural Expei'iineut Station of Illinois at Chani})a 15 , 01 , vvliero 
for a number of years it was attempted to produce two kinds of yrain, 
one containing a laiyo percentage of oil, and a second contaimii^ small 
percontaiies of oil Tlu' result of these experiments, which had been 
proti'acted durmyr seven generations of seeds, is shown m the followiiiy 
table . — 


Ye.li. 

Oi.ims (Dnt.iimnK 
lll”ll eMCPllt.X^e 
ol Oil 

Oiains containing 

Low I’en ent.igi) 
ol Oil 

] S',16 

1-70 

4 70 

1S97 

4 76 

4 06 

1S9S 

.5 -If) 

3 99 

]S9',t 

,6 64 i 

8 S2 

l!t()0 

6 10 

3 -95 

I'.Ml! 

6 09 ' 

3 m 

1902 

6-11 i 

3 01 

] 90;3 

6 58 

2 97 


Maize oil, if ju’Ojierly jirejiaied, is clear yellow in colour, and doi's 
not recpiire relinmy for commercial juirposes. If, however, tlii' oil is 
badly prepared and allowed to stand in contact with albuminoid 
matter so that it imdc'iymes a process of fermentation, wherebv con- 
siderable ([uantities of free fatty acids are ])roduced (see Vol. 1. Chap. 
1.), it acMpiiros a dark c’olour and becomes unsuitable for byht-colouied 
soaps Such oil IS therefore^ bleached in soa,]) works in the sanies manneu' 
as linseed oil (p. b9). 

Freshly-prepared maize oil has a ])ale yellow or yolden-yellow coloui, 
and a distinctive odour , its taste is ])leasant at tirst, and recalls that 
of newly ^oound corn-meal. It is therefore jiossible to identiJy the oil 
by its taste aloin'. 

Fresli oil contains ])ut small quantities of free fatty acids, whereas 
the oil recovered by the older jirocesses from the fermentation vats 
was characterised by a lariie amount of free fattv acids The soliibilit les 
of th(‘ oil in alisolute alcohol, acetone, and "lacial acetic acid, are collated 
in the followiny^ table, due to ^ — 


Solubility of Alni/e Oil ill IbO \oliniies of | 

Absolut 

■ Aleoliol 

Acetone, coinineK lal 

Olai 1 . 1 I A<'etic Acid 

♦ 




At 16“ C 

,At 63' C. 

At 16“ C. 

AtloM’ At (in'* C. 

2 

13 

24 

3 1 9 


Maize oil is characterised hy its hi^h amount of unsaponifiable 
matter. IS puller obtained 1-35 per cent, and Ilart^ 1-55 per cent. 

^ Jiiurn. Chem. huL, lS‘a2, 50.^) - hmgL Poh/i, Jouni., 264, 626 

^ Jouni. ^oc. Chem. huL, 1894, 257. 
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of unsa])onifiable matter. Hopkins found in a specimen of maize oil 
1‘49 per cent of lecithin and 1-37 per cent of phytosterol. A sample 
of maize oil examined in the author’s laboratory gave even 2-32 per 
cent of unsaponifiable matter. 

TJie “ unsaponifiable ” consists of lecithin, and of an alcohol which 
was looked upon by earlier observers {Iloppe-Seyler, Hopkins) as 
cholesterol. Since, however, purified crystals obtained by Gill and 
Tafts ^ from about 4 kilos of maize oil melted at about 138°-138-3° C., 
and its acetate at 127*1® C., the alcohol must be sitosterol. Konig 
and Schluckehier ^ repeatedly rccrystallised maize oil “ phytosterol ” 
and obtained in the sixth, seventh, eighth, and ninth successive 
crops crystals of the melting points 139*6®, 140*8°, 140*4°, and 110*1° C. 
res[)ectively. The last crop of crystals gave an acetate melting at 
135*8° C., and after the third crystallisation at 137° C. 

In the elaidin test, maize oil, like cotton seed oil, yields a mass of 
buttery or pasty consistence. The viscosity of maize oil has been 
stated by Winjield to be at 20° C. 9*79-10*7 times that of water. Taking 
the viscosity of rape oil at 100, the viscosity of maize oil works out at 
70*4-70*05. 

The saturated fatty acids in maize oil amount, according to Hopkins, 
to 4*55 per cent ; Tohnan and 3Tunson, however, obtained 7*44 per cent 
of solid fatty acids by the lead-salt-ether method. Hence, Vulle and 
Gibson’s statement that the mixed fatty acids consist of 27*74 per cent 
solid fatty acids and 72*26 per cent liquid fatty acids, can only be 
e.xplained by the fact that the solid acids had not been comph'tely 
exhausted with ether. This is confirmed by the further statement 
that the separated solid fatty acids still absorbed 51*23 pei' cent of 
iodine. 

According to Vnlte and Gibson the solid fatty acids consist of 
])almitic, stearic, and arachidic acids, but considering that Hehner and 
MitcJiell found no stearic acid in maize oil, this statement stands in 
need of confirmation. Linolenic acid seems to be absent, since no 
ether-insoluble brominated glycerides could be obtained ; nor did 
Hopkins ^ find any linusic acid amongst the products of oxidation. 
The liquid fatty acids contain considerable proportions of linolic acid 
(Lewkowiisch, see Vol. I. Chap. VIII. p. 563). The liquid fatty acids 
may be considered as consisting of a mixture of linolic and oleic acids. 
Small quantities of volatile fatty acids used to occur in commercial 
Oils, as was evidenced by the high Reichert values of specimens obtained 
from fermentation processes. At present, however, the commercial 
maize oils being prepared exclusively by the modern process are devoid 
of volatile acids.^ The high acetyl value Lewkowiisch found, viz. 
7*8-8*75, was due to the same cause, although to some extent at least 
the large amount of unsaponifiable matter may account for it. 

^ Journ. Amer. C/iem. Sor., 1903, 251. 

^ Zeds, f Unters. d. Nahigs- ii. (limus.sm., 1908 (xv.), 652. 

'* Joimi. Amer. Chem. Soc., 1899, 948. 

■* One haniple of “ distillery oil ” stated to have yielded 88 '21 per cent iu.soluble acids 
+ uusnpoiiitiable, had the hi^^h Reichert value of 9*9. 
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^laizc oil is a representative type of a senii-ckyin^ oil ; it has some- 
what better dryint^ powers than cotton seed oil, but diders fioni the 
latter in that it is not oxidised with equal eneriry, when hnely sub- 
divided on cotton waste, althouj^di it “ heats " with sulhcient rapiditv 
to render it dani^erous as a lubricating^ oil (cp Vol. ill. (hap. XV.). 
In the Lii'acJie test twai samples of maize oil of diflerent orijjjin gained 
5*97 and 5-19 per cent in seven and ten days respectively.^ 

No decided dryin" properties are imjiarted to maize oil by sub- 
jecting it to the process of “boiling,” or by the addition of diiers 
If, how'ever, a current of air is passed lhrou<rli the oil at 15(V C., it 
ac(( Hires, on addition of manyuinese liorate, some drvinj^ projieities, 
and a tliin film of the oil so treated s])read on lead dries in from ten 
to twenty hours to a viscous mass. 

When cotton seed oil is lower in ])rice than maize oil, the latter 
is extensively adulterated with cotton seed oil. Although it is easy 
to (lifTerentiate pure mai>ie oil from pure cotton seed oil, the detection of 
a small jiroportion of maize oil m cotton seed oil by chemical tests is 
at ])resent impossible. (riK, and Tafls are of the opinion that it may 
be feasible to detect cotton seed oil in maize oil by the meltin," point of 
the .acetate of the alcohol isolated from the unsa})oniliable matter. 
From ])ure cotton seed oil, aftiu* ri'crystallisiii^ the acetate six times, 
crystals of the melting ])oint 12(T-12F’ C!. were obtained from a mixture 
of 90 p(‘r cent of cotton seed oil and 10 per cent of maize oil crystals 
melting at 121 5 -122 5" (h, and from a mixture of 80 ])er ciuit of cotton 
seed oil and 20 per cent of maize oil crystals iiu'ltini' at 121-125'' C., 
whereas crystals from ])ure maize oil melted at 1 27- 1" C. Since, lunvever, 
Boiiiei and Winicr obtained sitosteryl (})hytost('rvl) acetate meltiri" at 
125'’- 121° (J. from cotton seed oil, further continuation of the reliability 
of the Sitosterol test ’’ is required. In the jnesent state of our know- 
led^(‘ tl'^ Halpitcn colour test, (in which the colour of maize oil remains 
unchanyf'-d) and a hij^her titer ti^st of the fatty acids than 20'^ C., must 
bo relied upon as indicating the presence of cotton secal oil. 

Well-refined maize oil is used for edible ])ur])o.ses (.salad oil). Siiue 
its ‘‘ grainy ” taste is objectionable, the edhle (juality is mostly mixed 
with edible cotton oil and other edible oils Maize oil is also used in 
the manufacture of margarine — ol(*o-margarine ” of the United 
States — as also in the manufacture of compound lard (replai'ing cotton 
seed oil). Such maize oil as cannot be emjiloyed for edible purpo.ses 
is used chiefly in making soft soap, for which it is eminently suitable. 
A cottctfi “ softener ” largely used in the United Stales contains maize 
oil soft soap. For hard soaps of acceptable (quality maize oil is not 
suitable. * 

The maize industry has assumed enormous dimensions in the United 
States on account of the extensive manufacture of glucose ; conse- 
quently the amount of maize oil, which is the by-product of this industry, 
has also reached enormous quantities.*^ Very large amounts of maize 

1 IT. Wiufiel.l, Jiiaiuj. Dissert., New Ymlv, 1899. 

“ Cp. T. B. Waj^ner, “Tlie Ameiican Tiidustivof Corn T’roducls,” Soc ('hem. 

[nd., 1909, 342 ; also W. P, Kanfmami, “ Maize Products, and Maize Starch and it'' 
Products,” Journ. Soc. Chem. hid., 1910, 527. 



172 ' GLYCERIDES — SEMI-DRYING OILS chap. 

oil are also imported from the Argentine and are beginning to come in 
from the south of Africa. Large cpiantities of maize reach this c ountiy 
for browing purposes ; maize oil is recovered therefrom in not in- 
considerable quantities as a by-product, although a great portion of 
the germs is sold as cattle food. 

To indicate the extent to which maize oil has been employed in 
Europe for soap-making, the following statistical data may be quoted : — 

Corn Oil — E/junis ftom the United Stater of Am erica, 1002-1012 




V.iliu' 

1 i-.ir 1 


Doll.iis 

1 902 

•1,266,398 

1,769,370 

1 903 

3,778,035 

1,167, 193 

I 90 1 

3,222,v875 

998,613 

190.9 

3,’ 1 os’, 91 7 

890,937 

1906 

3,833,251 

1,172,206 

1907 

3,568,571 

1,411,556 

1908 

2,717,801 

1,0.52,310 

1909 

2,656,703 

1,293,580 

1910 i 

1,228,188 

643,392 

1911 

2,751,825 

1,573,605 1 

1912 i 

2,591,1 16 

1,526,931 


(It is noteworthy that in consequence of the lower prices of cotton 
oil ruling in the years 1002 and 1903, the import of maize oil into 
this country almost ceased in those years.) Lower qualities are used 
as a burning oil. The oil has also been recommended for lubricating, 
but on account of its gumming properties it cannot be usefully employcal 
for this ])ur]K)se. Notwithstanding many statements to the contrary, 
maize oil cannot be used as a paint oil on account of the jioor drying 
properties which paints prepared with this oil possess. It found, 
however, extensive employment in the United States for the manu- 
facture of vulcanised maize oil, before soya beau oil took its place. 


TOMATO SEED OIL 

hrencli — Hmle de tornate. German — Tomatosamenol. 

Italian — Olio di fomodoro. • 

In view of the large quantities of tomato seeds (fro^n Lycopersicum 
esculentum, Mull) obtainable as a by-product in the manufacture of 
tomato pulp, it is not unlikely that the preparation of this oil will be 
undertaken commercially in Italy. Thus in the province of Parma 
alone 13,000 tons of tomatoes were treated in 1908,^ yielding about 
3000 tons of seeds containing 18 per cent of oil. Indeed, several 
proposals have been made to that effect. 

’ R Accoiua/zo, L' Industtia chimat, 1910, 360. 



The following characteristics were ascertained by Baffaglia ^ and 
by J. Kochs : 2— , 



Kochs 


ll— 

Spocilic gravity 

0-920 

0-922 

(Solidifying point 

below - 12° C. 


(Saponification valuo ; 

183 0 

190-4 

Iodine value 

117-8 

100 9 

Kcichert-Meissl value ' 

0 22 


IJnsaponiliabie 

2 08 per cent 


Butyro-refraetometcr “ dogrco.s ” at 40*^ (A ^ 

atOj Actds — 

03 


Insoluble fatty acid.s-l- unsaponifiable 


Of) 1 

Melting point (capillary tube) . 

20° to 29° C. 

1 

Neutralisation value , 

199 5 


Iodine value , 

129 0 

112 0 

Refractive index 


I 473 


Battaglia identified amongst the fatty acids, myristic, stcai'ic, oieic, 
and linolic acids. 


PERSIMMON SEFsD OIL 

French — Huilc de plaquemraier dc Vvrginie. (jerman— DattclpJhnDHciiol. 
Italian — Olio di d/ospiio 

For tables of characteristics see p. 171. 

This oil is obtained from the s(‘ed of Diospgios laigimana, It 
has a brownish-yellow colour ; its taste and smell lecall that of aiacliis 
oil produced by expression in the hot. 

The oil contains 9-11 per cent of solid acids of the mean molecular 
weight 298, and 85 5 per cent of licjuid acids of the mean molecular 
weight 285. No arachidic acid could be delected amongst the solid 
acids. 


’.y.cs' Cmps ;/ras, 1901, UCk 

- JdJiffsh. d. Vcrsvrh^ d. k (jlarlvf)h'huinst , J m [lalili'iii. 

N. J. lidiie, Joinn. Soc. (Viem Ind , 190.^, 390 

Witli rt'^ard studies on (lie iipeiiing of ixusiniinons from the \dr^Miii,an and 
Japanese ^peele^ {hh>spyros Kata) cp, Bigelow, (Joie and llowaol, dnuni. Jiner. Ctiem. 

KSur., 1906 (28), 688, 


[Table 
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Phi/sic(tl and Chemical Characteristics of Persimmon Seed Oil 


Spf'ciHc, 

Cimvity 

Solnllf\ltI|f 

Tojut 

Melting 

Point. 

S.ai)Onilicatiou 

\alue 

Iodine 

Value 

At 15” C. 

°C. 

•c. 

Mgrrns. 

Roll 

Per cent. 

0 921117 

- 11 

-6 

188 

116 8 


Phijsmil and ChciiCual Characteristics of the InsoluhJe Faitij Acids 


Illsolulllo 

Aeid', 

4- 1 iis.i- 
poiiilialile. 

S pec HU- 
Uia\ ity 

1 Solidi- 
' Liiig 
' Point 

Melting 

Point 

Nmitialis.i- 

tion 

Value 

Mean 
M(de( iilai 
VVeighl 

lodini' Value 
of I KplUl 
Patty Ai ids 







— — 

_ 

IVi cent 

At]5”C 

i 

'C. 

Mgrnis. 

KUll 



95-9 

0 90 58 

i 20 2 

(Titer 

1 Test) 

20-2 

192 7 

291 5 

134-185 


WHEAT OIL 

Freiu'li — Haile de blL (Jorman — Weizeahernol. 

Italian-- 0/?o di gcnai di grano. 

For tables of cLaracGa’istics see p. J75. 

Wheat oil IS contained in tlie <;enns of the wheat grains to the 
extent of 12-5-17 5 per cent (1 to 1-(S per cent of the wdiole grain). 
One ton of germs yields about 280 lbs. of oil.^ 

In the fresh state the oil is pale yellow and has the characteristic 
odour of wheat meal. It is lAsoluble in absolute alcohol m tlie cold, 
but dissolves m .30 parts of hot absolute alcohol. At 6.5° C. it is soluble 
in an e((ual volume of glacial ai-etic acid 

The oil easily turns lancid (most likely owing to tlu* presence of 
an enzyme ; c]). Dice Oil ") and thereby becomes dark brown. A 
freshly extracted s])ecimen contained 5-65 per cent of free fatty acids 
(calculated to oleic acid) ; after one year the same samjile contained 
13-86 per cent. Oils from dilTerent kinds of germs behave differently 
(cp. the numbiu's given in the tables). * 

The specimen examined by Fraulforter and Harding contained 
2 })er cent of lecithin and 2-5 jier cent of .sitosterol The higli percentage 
of both lecithin and alcohol shows the relationship of this oil to maize 
oil. 

This oil is not identical with wheat -meal oil (cp. p. 263). 

^ i'hcm, iievue, 1904 , 128 . 
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DATURA OIL, THORN APPLE SEED OIL 

French — Hmle de datura. Gorman — Stechapfelol, DatnraoL 
Italian— 0/io di stranionio. 

The air-dried seeds of Datura Sframoinutn, L. (thorn apple), contain 
a fatty od, which occurs therein to an extent of 25 per cent (Cloez ) ; 
16*7 per cent (Ilolde) ; 18-7 per cent (Meyer and Beer). 

The oil pr(;parcd liy 11. Meyer and R. Beer has a h^lit yellow-^u’eenish 
colour and a characterjstic smell. At 20° C. it thickens without, how- 
ever, solidifying. After standing for a prolonged time in the cold a 
small amount of “ stearine ” melting at 60° G. separated out. The 
acid valiK' of the specimen examined by //. Meyer and R. Beer was 8-1 . 

Geranl first isolated from this oil (margaric) daturic acid, C17II34O2, 
and although its existence was doubted ^ and it was looked upon as a 
mixture “ of acids of molecular weight from 280 to 21il, its individuality 
and occurrence in datura oil has been ])laced beyond doubt by Meyer 
and Beer:^ 

The apfu’oximate compovsition of the fatty acids in datura oil is, 
according to these authors, as follows : — 

Palmitic acid 
Daturic acid 
< )lcic acid 
Linolic acid 

It would apjicar that small quantities of fatty acids of a molecular 
weight exceeding .320 are also present. Neither stearic acid nor linolenic 
acid nor any volatile acids could be detected. The oil contains further 
I -01 per cent of unsaponifiable matter, yielding a phytosterol melting 
after rci-rystallisation at 128° 0. 

When heated to 50° G. in a thin layer for thirteen hours, the oil 
forms a firm skin , at the ordinary temjieraturc it only begins to show 
signs of drying after 35 days. 

The viscosity of the oil in Bnyler's viscosimeter is 9 compari'd 
with water at 20° (h 


Physical and Chemical Characteristics of Datura Oil 


SpCClIlC (ilH\ Itj 
at 

Soli(iit}'iiif; I’oint 

Saporiifioatioii J 
\alu.“ Mgiiiis. 1 
KOH j 

Iodine \<ilne 
Cei 

()1)V1 V.-I 

0 9228 ; 




Cloez * 

1 0-9175 

thickens at - 15*^ 

186 

113 * 

Holdo 

0-923 

„ - 12° 

202 

113-2 

Meyer and Beer 


^ Holdc, d Konigl. Tech \'eisuchs., 1902, 20 (2), 66. Cp. also Ibid,, 

1906, 59 

- Beiuiite, 1905, 1252. Monatsh. f. Chcm., 1910 (31), 1239. 

Anil, de ('him. et dephi/i>., 1892 (27), 551, 


lO'O per cent 
2-5 
() 2’0 
15 0 
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The oil from Datura metel whioh furnishes the nietel nuts,” known 
to the natives of East Africa for their medicinal pro])ertics,i has been 
described by F. Suzzi.^ The seeds contain 15*27 jier cent of a pale 
yellow oil liavin^r a peculiar odour and an uipileasant taste. Fuzzi 
gives the following characteristics 


Oil— 


Specific gravity at 1.5° C. 

0 9225 

Solidifying point 

12-15° r 

Saponification value 

. 198 4 

Iodine value 

. 116 2 

Maumcne test 

74 8° U. 

'atli/ Acids — 

Solidity mg {)oint (titer test) . 

22- .r c. 

Neutralisation value . 

. 195-1 

Saponification value . 

196 

Mean molecular weight 

286 2 


The oil gives neither the Ilalphen nor the Baudoain test. It is 
used as a burning oil m l^]rvthrea (Italian East Africa). 


nmx'iiNUT OIL 

French — Hade <lc faiiic. (lernian — Buchekernol. 

Italian — Oho di jaiiij to. 

For tables of characteristics see p. 178. 

Beeclinut oil is olitaincd from the fruit of the red beech-tree, Fagus 
sijlratica, L. The fruit consists of 33 per cent of husks and 67 per cent 
of kerni'ls , the lattm* contain 13 per cent of oil The oil is prejiared 
ill small installations on the Continent, as obviously it cannot be 
obtained in large (piantities. (A jiatent^ was taken out m this country 
as early as 1713 for the manufacture of beechnut oil, but at })rcsent 
the oil is not jiroduced in this country.) The cold-drawn oil obtained 
from the shelled kernels is of pale yellow colour and free from un])leasant 
taste. T^is (piality of oil is used for culinary purjioses, whereas that 
exjiressed at a higher temperature is employed as burning oil. 

Beechnut oil is* stated to be used as an adulterant of almond oil ; 
its presence may be detected by determining the lodnie value of the 
sample. 

^ The seeds contain hyoscyaiume and scopolamine (E. Schmidt, Arch. d. Phaim., 
1910 (24H), 641. 

*' / olcosie gli oil. Piihlislied foi the Milan E.xhibition, 1906. 

'* Aaron Hill, En; 4 li>li patent H93, 1713. 
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KAPOK OIL 


French — Iluile de kapock ; huile de capoquier. German — Kapokol. 
Italian — Olio di kapok. 

For tables of characteristics see p. 180. 


Kapok oil is obtained by expressing the seeds of Eriodeudion 
anfractuosum, Bombax pcntandrum, L.), and Bonihax Ceila 

{-Bomhax nialahancutn, D.G.)- Both trees are indigenous to the 
tropics. E. anfractuosum grows in great profusion in the East and 
West Indies, the Malayan Archipelago, Indo-Ohma (Cochin-China 
and Cambodja), Mexico, the Antilles, Guiana, and Africa (Madagascar, 
Senegal, Ivory Coast, Dahomey, Nigeria).^ In Nigeria the ‘tree is 
known as ‘‘ cotton tree ” and “ silk cotton tree.” The seeds are of the 
size of })eas ; they are enclosed in a hard black shell, forming about 
40 per cent of the seeds. The plant is related to the cotton plant . 
the hairs covering the fruit resemble cotton, although they have neithei' 
the strengtli nor the staple of the latter.^ Kapok hair is used as a 
substitute for horse-liair in ipiholstery (for filling mattresses, cushions, 
life- bolts, etc.). 

The seeds arc free from hairs, hence they do not oiler the same 
didiculty which cotton seed presents to the seed-cruslier. A liglit 
crushing between rollers and winnowing through sieves, assisted by 
a current of air, sc])arates the husk from the kernel. The seeds have 
the following average composition •— 


Oil . 

Water 
Ash . 

< '’ude tibie . 
Albuniiiioids 
Carbohydrate's, etc. 


24-20 per cent 
1 1 85 
5 22 „ 

2:1!) I 
18 92 
15 90 


Kapok seed is expressed on a commercial scale in Holland ; the 
yield of the oil from the whole seed is 17-8 per cent on a manufacturing 
scale. 

The oil has a greenish-yellow colour and a not unpleasant taste 
and odour. 

The i^umbers given in the table of characteristics in the last edition 
of this work ^ show very great differences, especially as regards the 
saponification an^ iodine values. The Reichert value as also the 
Acetyl value given by Philippe appear so extraordinary that the 
author' considered it best to ignore them in this present table of 
characteristics, Kenewed examination of the od is desirable. 


^ Cp. M. Miicko, Der Pjlnnzei, 1908, 290, 305 , “Kapok and its Cultivation,” Bull, 
Jmp. JnsL, 1911, 121. 

^ Journ. Artn, 1893, 1030 ; Jouni, Soc. Chem huL, 1891, 147. 

^ Vol. 11. p. 142. 
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The mixed fatty acids consist, according to Philippe, of 30 per cent 
of solid fatty acids, and 70 per cent of liquid fatty acids (determined 
by the lead-salt- ether method). The solid acids consist exclusively 
of palmitic acid. On standing, kapok oil, like cotton seed oil, 
deposits “ stearme.’’ The great resemblance of kapok oil to cotton 
seed oil is further accentuated by the great similarity of the colour 
reactions of the two oils. Thus kapok oil gives with nitric acid a 
similar reaction to that which cotton seed oil shows ; in the case of 
kapok oil the tint is stated to be more greenish-brown than ri'ddish- 
brown. The most characteristic colour reaction of cotton seed oil- 
the Ilalphen test -is also given by ka])ok oil. This fai-t deseives 
attention on the ])ait of the analyst. It should, however, be distinctly 
noted that a samjile of ka])ok oil extracted by the author from genuine 
seeds of Ei iodendioji aiifnictnosiun did not exhibit the Ilalphen reaction. 
Perhaps this may be due to the oil having stood before testing about 
thirteen months. 

Kapok oil is used in its liome for edible purposes. Seeds inpiorted 
from Java are crushed in Holland, and the oil is used for soap-making 
as a substitute for cotton seed oil. Attempts have been made in 
Marseilles to crush Kajiok seed. 

The oil is easily sajionilied and is thrown out of the paste by salt 
solution A 


COTTON SEED OIL 

Prench — lluile de coton. (lerman — Baumicollsamenol, CotionoL 
Italian — Olio di colone. 

Por tables of characteristics see pp. ]H(S-]9D. 

Cotton seed oil is expressed on a very large scale from the seeds 
of the various kinds of the cotton tree, Gossypinm. The species culti- 
vated extensively in the United »States is Gomjpiim hirsalani, L. 
(“ Upland cotton ” covered with “ linters ”), whereas the jilant grown 
in the )Sea Islands and in Ugypt is Gossypiwn harhadeuse, L. During 
the last decade East India (Bombay) seed, as also Levantine (Smyrna, 
Mersyne, Alexandretta), Brazilian ^ (Maranhao, 8a vanilla, Pernambuco), 
Peruvian (Payta), Russian (Samarkand, Ferghana),^ and West African 
(NigeriaJ seed has come into the European markets. The Indian 
species are generally assumed to be G. neglectum and G. arhoreuin, but 
it should be pointed out that they are not well defined. 

’ Cp. E. llouloux, M twines g)asi,es, 1910, 1H28. 

- ('ottoii m Liii/il IS oliietly grown in tlie Notthern l^httrs — IVniuinbiiro, (loara, 
S(‘i^i)io, Manuikao, Kin (Jrande de Norte; Middle Slides- -‘di’.xw Paulo, Minas (Jeraes, 
Kio de Janeiro. 

^ In the Ferghana district the proiluctiou of cotton seed oil lias readied the 
diniensioiis of a considerable industry. In tlie year 1902 theie were alreadv six seed* 
crushing mills. In the year 1908 there were opened five nioie oil mills, intended to pro- 
duce about 25 tons of oil per day In 1911 there were m active operation. 30 mills 
(see p. 192). Cotton cake is e.\ported from Kns.sia to the continent of Europe. 
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Year ended Cotton Seed Seed Seed Oil Oil-cake i and Oil Oil retained for Home 

June 30. Crop. exported worked up produced. Meal produced. exported. Consumption. 
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Tlic following table gives tlie results of the otticial census, published 
by the United States Government : — 


Number ot active e.sla)>li^hments 
Seed, crushed . 

Quantity, tons . . . . 

Cost . . . . 

Averairo cost pi'r ton 
Avera^m crush per estahh^hiiu'nt, tons 
Crudo pioducits : — 

Total value . . . . 

Avera}j;c value per establishment . 
Oil— 

Quantity, ^oillons 
V'alue ... 

Average value pi'r )j;allon 
Meal and cake— 

Quantit.y, tons 
\hiluo 

Avi'ra^^e value per ton 
Hulls - 
Quantity, tons 
Value '. 

Average value per ton 
Linters — 

Quantity, iiounds 
Value . 

Average valiu' jier ])ound . 


('iMlsIlv, 

1 1)1 1' I. I '1(11 


SOb 

717 

257 

:CH27,:uK) 
•STS, 1 12,000 
.S20 4 1 
4,721 

2,:{45,400 ; 
851,870,000 
815 51 
4,000 

2,470,400 

828,022,000 

Iji ] 1 ‘ 00 

0,045 

.SI 07,5.28,000 ' 
8122,000 

800,211,000 

807,000 

842,412,000 

.8110,000 

158, 228, .500 
855,228,000 

80 25 

1.22,817,800 
.821,. 24 2, 000 

80 2.2 

03,22.5,700 
821, .20 1,000 
.SO'23 

1,()74,500 
840,102,000 
824 18 

1,200,000 

827,707,000 

82042 

884,400 
810,031,000 
818- 1.2 

1,200,200 
87,711,000 , 
80-08 

1,21.2,000 

85,580,000 

84-01 

1,100,200 

2,180,000 

.82-73 

175,512,100 

84,000,000 

80 022 

1 17,702,000 
84,012,000 

80 020 

57.272.000 

81.801.000 
.80-0.21 


It will be seen that the hgures given in this table tire not identical 
with tliose given in table, p. 183 , this is jiartly due to the fact tliat the 
foregoing table refers to the years ending December. 

The several States in wliicli cotton seed oil is grown and crushed 
are, arranged in the order of their jiroduction, the following : — Texas, 
Georgia, Mississippi, Louisiana, Arkansas, South Carolina, Tennessee, 
North Carolina, Alabama, Indian Territory, Oklahoma, Missouri, 
Florida. All the other States together ])roduce less than LTorida, wTiose 
production is (piite insignificant compared with that of Texas. 

Conpiaratively small quantities of American seed are exported, 
as may be gathered from the table, which states the (piaiitities of cotton 
seed imported by the United Kingdom during the last ten years : — 



Cotton od iiiip<otal toj the United Kinodom 
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The bulk of the Egyptian cotton seed comes to England. Thus 
out of 457,766 tons shipped from Ist September 1906 to 31st August 
1907, 382,542. tons were sent to England. The quantities of Egyptian * 
seed received in the several ports are stated in the following table 

Egyptian Cotton Seed shipped, 1910-1911 


'J’o Tons 

England .... 5:50,218 

English Di'pondeiicies in the- Mnditoirancan . 10 

English Depondeiicies in the East . . 60 

Gcnnany . . 210,190 

China and the East . 349 

United States of America ... 21 

Eranee . . 30,219 

Gipc('e ... 68 

Holland . . 651 

Italy . . . . 13 

Wassana ... .2 

Portugal .... 2 

Turk(7 .... .52 

Total . 801,858 


The re-oxi)Oft of seed from the United Kingdom is quite insignificant ; 
it reached in 1906-1907 only 350 tons per annum. 

The quantity of cotton seed oil exported from the United Kingdom 
is comparatively small, most of the cotton seed oil being consumed 
at home. The cotton seed oil exports are detailed in the following 
tables : — 


Cotton Seed Oil exported from the United Kingdom 


To 

l"10 

l"ll 

]'U2 


Tons 

Tons 

Tons. 

Tuikey .... 
Unitcil States of Ameiicii 

1,500 

1,040 

1,162 

7,650 

1,835 

383 

Geimany 

3,897 

3,501 

2.656 

Holland .... 

6,290 

4,. 53 7 

4,160 

Belgimn .... 
Egypt . 

3,624 

3,981 

3,917 

213 

25 

367 

Morocco . 

155 

477 1 

677 

French West Africa . ] 

1,303 

1,552 1 

1,296 

Otlmr foieign countries . , 

1,789 

2,123 ! 

1,580 

British possessions . , i 

901 

1,426 

962 

Total . . 1 

27,322 

20,500 j 

« 17,190 


[Table 
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The importations of cotton seed into France are stated in the 
following table : — 


Year. 

1900 

1901 

1902 

1903 

1904 

1905 
1900 

1907 

1908 

1909 

1910 

1911 


Tons. 

50,125 

40,959 

44,747 

30,158 

20,112 

35,502 

35,540 

38,548 

34,130 

32,340 

23,592 

30,550 


The French imports and exports of cotton seed oil are summarised 
in the following table - 


\eai lni])()its i E\|i()its. 



M.'tlK I'ctlS. 

MHiicToii' 

1900 

19,301 

1831 

1901 

42,595 

18S0 

1902 

28,337 

i 1425 

1903 ' 

21,005 

: 1190 

1904 

23,272 

' 809 

1905 

42,072 

1 1042 

1900 

37,129 

2288 

1907 ! 

34,000 

2002 

1 908 

40,749 

2580 

1909 ' 

23,959 

2800 

1910 

3/900 

1027 

1911 1 

9,202 

053 


In Germany cotton seed is expressed especially foi- the jiroduction 
of edible cotton seed oil for margarine, and this manufacture is confined 
to the north of Germany (Bremen, Northern Khinc). The cotton seed 
is imported from Egypt, from South America (Peru, Brazil), and 
latterly also from Bombay. 

The growth of imports into Germany fi-om 1908 to 1911 is shown in 
the following table : — 


-^Cotton Seed imported 'into OeriKainj 


Year. 

1908 . 





'Pons 

52,528 

1909 . 





93,428 

1910 . 





. 106,232 

1911 . 





. 155,785 

1912 . 





. 214,097 
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In view of the rapidly increasing imports of cotton seed into Germany 
the following details may prove of interest : — 


Kioni 

cut 

T'lJ 

Egypt . 

' 137,430 

192,079 

Brazil 

1 3,.50S 

2,479 

United States of Ameiica 

12,967 

16,917 


Germany imports (‘otton seed oil chiefly from this count ly and the 
United States of America. The imports from the latter coiintiv 
amounted m 1911 to 12,Ghh metric tons and m 1912 to 25, 0(H) nietiic 
tons. 

In Tri(‘ste cotton seed oil is being prodiicial from Kgy])tian sei'd. 

Diii’ing the latter years cotton seed is also crushed in Tiiikestan : 
most of the si'edlings of the cotton plant have been im])()rt(Ml fi-oni 
Egypt and the United States of America u])land seed) All the 
oil produced in Turkestan is consumed locally. 

According to the latest available census of tlie United States Govern- 
ment there were in operation m 1911 the following numbers of cotton 
seed mills : — United States, 870 ; England, 25 . Hgypt, 7 (consuming 
about 105,000 tons of seed out of a total ])roduction of 750,000 tons) , 
India, 1 (consuming about 10,000 tons a year out of a total prodiu’tion 
of 200, (X)0 tons) ; Russia, 30 ; France, 5 , Germany, 6 , Mexico, 5 : 
China, 10 Peru, 15 ; Brazil, 27 ; other countries, 15. 

Cotton seed is covered with woolly hairs, yi(‘ldmg the well-known 
cotton fibre. In the case of Egyptian, Sea Island, and Jamaica cotton 
seed, this fibre is easily removable by nu'ans of suitable delmting 
machines, so that the seed can be crushed and pressial wuthout ])re\uously 
removing the husk. In the case of American upland seed, of Smyrna 
(Levant) seed, and especially of Bombay seed, the cotton libre so 
tenaciously adheres to the husk that the usual delmting machines 
are unable to remove the wJiole of the hairs ; notably m the (-ase of 
Bombay seed, a fine down adheres to the husk. Such seeds ar(‘ 
decorticated in decorticating machines (“ hullers ”) before crushing, 
and the kernels (‘' meats ”) are s(‘paiated from the husks by means of 
another set of machines (‘'meats and hull separators”)- Chemical 
processes for removing the “down” are resorted to less frequently. 
The priiuiple underlying these chemical processes is the same that is 
made use of in carbonising “ union ” (wool and cotton) rags.- Another 
process ^ consists in treating with alkalis and molasses^and then allowing 
to ferment ; the hulls are stated to separate readily from the kermis. 

An examination made m tlie author’s laboratory of various kinds 
of seeds yielded the following results : — 

Pa coiisi(leial)l(‘ amount ol cotton seed oil is sliipped from China to Australia, thus 
displacing oil jneviously sliipi)ed Ironi this coniiliy. 

^ Cp. J. J. (ireen, Lnglish patent 12, .'>39, 1902. 

^ Cp. United States ])atent 095,476, 
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Oil ('onfaiimi in Cotton Seeds {Leivkowits(h) 






Oil (loin 


KiikI of Seed 

Kernt'l.s. 

Husks. 

Pei cent 




Pei cent 



' 




W 111 lie Seed 

Kei iiels. 

J 1 llskv, 




Pei cent 

Pei teid 

(“ Hulls ') 






1 Per (('111 

I Maianlmo 

.58*8 

41*2 

21 54 

86 0 

0 9 

If. 

59-8 

40*2 

20 89 

84 7 

0'4 

Coromandel 



16 



Egypti.in (1899) . 

1)0 -0 

40-0 

21 -98 

87-41 


,, (1900) . 

60 06 

40-2 

2‘) 9;{ 

88 '7 

()'67 

Mersyne 

M*4 

51-8 

18o7 

87 14 

[ ] 2 

Bombay 

51 0 

49 0 

20 56 ' 

89 28 

1 OS 

Amencan U plaiirl 



21 16 



.lammca 

60 0 

40 0 

2.5 6 

80-.5 

0'87 

Pel u 




8.5 2 

i 



It will 1)(‘ soen that the Levantine (Mersyni*,) seed yields th(' lowest 
])en;enta^(‘- of oil. In tins conneeTion, it is noteworthy that seial of 
Anieiiean and h]^yptian oj'i^in <^iown at Bokhara contains only 17-5 
])er cent of oil.“ 

A distinction must be made betw'een decorticated and iindecoi ticated 
seeds. Undecorticated seeds are chiefly ciushed in Kn^dand^ France, 
and (lermany from K^yptian^ Bombay, and also Smyrna seeds, w heieas 
the vast majority of the Amencan U])land scasl is crushed in the (h‘- 
('orticated state. Also Bombay seial is decorticatial in some estalilish- 
namts before crushing. 

The kernels are jiermeated with cells eontainiryif deep blown colourinj^ 
matter; lieme the crude cotton seed oil running Iroin the hydiaulic 
jiresses has a luby-red to almost black colour. 

Cotton seed cake made from decorticated scmhI contains as a rule 
about 5 ])cr cent of oil. The husks which remain in the cake are not 
detiimental to the cattle as lon <4 as the non-fuzzy ” varudy of seed 
is used. The fuzzy-seeded varieties should not be em])loy<Hl in the 
undecorticated state for the jirodiicdion of cakes as the small fibres 
form ‘"balls” in the stomach of th(‘ catthe The ‘"decorticated” 
cakes are usually y;round to meal ; in this form cotton meal is largidy 
imported ft'om the United States, especially by the (kmtineut. Such 
cotton meal usually contains 10 per cent of oil. As this meal is as a rule 
light-coloured, attempts have been made (especially on the Continent) 
to “ bleach ” inferior meal by adding small quantities of borax, etc;. 

^ This is soiiiewliat high ; tlie avciage peicentage of Hoinltay sved is nearer 18 ])er 
cent. Cp. Wagner and Clenient, Zeds. f. Unters. d. Nahrgs- u. (Jcnu^siti,, 1908, \vi. 1 17. 
(Seed from Madras, 17'41 percent ; Eoinl)ay, ]7d)6 ; Central Provinces, 19*05 percent , 
United Provinces, 19 '89 ])er cent.) 

2 For a method of “Rapid Determination of Oil m Cotton Seed Products” by 
C. H. Herty, F. B. Stem, and M. Orr, see Joiirn. hid. and. Eny. Ckem., 1909, 76. 

VOL. II. 0 
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Thus “ White ” American meal is prepared. Withers and Ray^ sliow 
that pyrophosphoric acid is not the cause of the toxic properties which 
liave been observed in some calces. 

The depth of the colour of crude cotton oil depends in the first 
instance on the state of freshness of the seed. The American seed, 
which is to a largo extent crushed immediately after liaving been 
harvested, yields a crude oil of much paler colour than tliat of crude oil 
obtained in England, France, and Germany from Egyptian and other 
seed. The palest Egyptian or Indian crude oil is obtained from freslily 
arrived seed. When the seed is stored for several montlis it undergoes 
some deterioration (“ heating,” which may also occur during the 
voyage) ; hence the crude oil obtained from Egyptian seed in .Inly and 
August has the darkest colour. 

In tlie American trade three grades of crude cotton seed oil are 
recognised, viz. “ prime,” “ choice,” and “ off ” qualities. The follow- 
ing are the recognised definitions of these three grades - 

“ Prime crude cotton seed oil must be made from sound decoitu'ated 
seed, must be free from water and foots, and must be sweet m flavour 
and odour. It should produce jirime summer yellow oil when refined 
with caustic soda, wuth a loss in weight, not exceeding 9 per cent. Sliould 
the loss in refining be greater than 9 ])er cent, but tlie oil obtained be 
still of jirime summer yellow grade (and it cannot be rejeaded l)y the 
buyer), the price must be reduced by a corresponding amount." 

“ Choice crude oil must be manufactured from sound decorticated 
seed, must be free from water and foots, sweet in flavour and odour, 
and should produce by proper methods of refining choice summer vellow 
oil, wdth no greater loss in weight than G per cent for Ti'xas oil and 
7 per cent from oil of other seeds. The percentage of free f.itty acids 
should not exceed 1 per cent (as oleic acid). 

“ Qualities whicli correspond to neither of the grades mentioned ari' 
termed ‘ off ’ oil, and are sold by sample.” 

A characteristic test of crude oil is the following : 

On sajionifying crude oil with caustic potash, the upper layeis 
wdiich are exposed to the air become blue and afterwai’ds violet a very 
characteristic reaction of crude cotton seed oil. If alkali be used in 
iiisufhcient quantity to produce complete saponification, the colouring 
matter is carried down together with the soap formed, so that the 
supernatant od is but slightly yellowish. 

On this reaction is liased the technical method of relining cotton 
seed oil. Tlie oil is warmed (to 1 20“ F.) and then intimately intermixed 
with dilute caustic soda solution. The proportion of caustic soda 
re([uired depends on the ipiality of the oil ; only much caustic soda 
should be added as is necessary to combine with the colouring matter 
and the free fatty acids in the oil. Suflicient caustic soda has been 
added wlieii a sample examined on a glass plate appears “ broken.” 
Caustic soda when a])plied in excess causes saponification, and in that 
case the whole mass is apt to form a homogeneous mixture, which very 
freiiuently refuses to separate into two layers. If a judicious amount 
^ Jouni. Ihol. Chan , 191 ‘1 ( 14 ), 53 . 
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of cauatic soda has been added, which is goncially ascertained in the 
works laboratory by a small scale test, the mixture will readily separate, 
on standing, into two layers. The upper layer consists of decolourised 
oil ; the lower one forms a black to light brown heavy liquid 
(“ mucilage ”), this being a solution of dark brown colouring matter ^ 
III the soap resulting from the union of free fatty acids and caustic soda. 

The mucilage also contains some neutral oil, which has been mechani- 
cally carried down or has been emulsified by the soap solution. The 
mucilage from fresh oil, especially from American crude oil, is of com- 
paratively light colour. A large quantity of mucilage, especially m 
America, is therefore converted into soap, after removing the bulk 
of the colouring matter in the soap pan by cutting ” the soap with 
alkali. The soap so obtained Is sold at a low jirice as “ foots soap ” 
(Vol. 111. Chap. XVI.). Dark-coloured mucilage is treated with 
niiiK'ral acid, the separated fatty mass is distilled, and the distillate 
worked up for oleine and stearine (Vol. III. Chap. XVI. ).“ 

The supernatant oil (the upper layer) is then drawn oil and washed 
witli warm water. Since alkalies are used in retining cotton seed oil, 
the Lict. that commercial cotton seed oil is practically free from fatty 
acids IS loadily explained. 

The loss in retining diqiends on the freshness of the oil and the care 
exercised hy the manufacturer. The permissible losses in American 
crude oil have incidentally been given aliove. In the United Kingdom 
the refiners use more care than the American oil millers, and the losses 
are therefore considerably smaller. The smallest losses are made in 
November, Dectiinber, January, February, increasing in the months 
following owing to old seed being employed. 

If the oil be intended for edible purposes it must not lie bleached 
wuth clieinicals, whereas for commercial purposes — soap oil ’’—the oil 
IS bleached with bleaching powder and mineral acid, and then w'ashcd 
with w^ater mdil the mineral acid has been removed completely. 

Ill the American trade three kinds of refined oils are discrintinatcd, 
VIZ. Prime summer yellow,” “ Choice summer yellow,” and “ Off 
summer yellow ” oils. Prime summer yellow oil is lequired to be clear, 
free from water and foots, sweet in flavour and odour, and of no deeper 
<‘olour than 35 parts yellow and 7-1 parts red in LomhomVs tintometer. 
Choice siiiiDner yellow must be clear, free from moisture, and sweet in 
flavour and odour. Off summer yellow must be fiee from w'ater and 
foots, and may be of lower quality as regards taste and colour. The 
refined oiltis graded in the United States according to colour. The 
Interstate Cotton Seed Crushers’ Association has adopted as the standard 
for grading refined ctl Lovibond's tintometer. Thus prime summer oil 

^ Fajjc'i iiiKMits liav(‘ been made repe.'itedly to K'cover the blown lolonring matter, 
which has been teimed “ (tohs} pol ” , all the p.atmited jiroce.sses haviiif^ for tlieir object 
the eomiiiercial preparation of tlie colouiiujr matter liave so far ended in lailure 
Methods ol ,se[)aiatmK tlie resinous sidislanees horn the (atty imdter have been patented 
by Stiepel, (jeiman jiatent 21 9,7 lb, and Loesehiyk, (Jeiimin jiatent 220,582. 

" EukIisIi patent 22,281, 1900 {British Oil and Cake Mills and A. G. Wass), dainis 
the nianulacture of punting ink from mucilage. Cp. also J. C. Chisholm, United States 
patent 1,050,261. 
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mimi not have a deeper colour at about 70'' F. than the c,(uul)iiuition 
of 35 yellow imits and 7-1 red units of Ij)nihomts tintoineter shows. 
The od intended for edible ])ur])oses is bleached with fuller’s earth (see 

Chap. Xlll.). 

Cotton S(',ed od is suitable for edible purposes, ])ut po])idar prejudice 
has largely niditated against the edible quality being sold under its true 
name, lienee, tlu^ oil has ajqieared in the maiket under the disguise 
of such names as “ table oil,” salad od,” “ sweid nut od,” butler od,” 
etc. Fnormoiis (piantities of the “ butter oil ” (pialitv are used in the 
maniifaelure of margarine and compound lards. Tlu'. commercial 
biands ^'summer od ” and “winter od ” differ in that the winter od 
has th(‘ bulk of the “ stcarine ” removed, so that tlui od should remain 
fluid, even during the winter. Such winter od or “ demargar mated ” oil 
is characterised by a low t iter test. Thus the titer test of a sanqile of 
demargai mated od manufactured by the author on a commeicial scale 
was 2(S.V'-28-5" C. 

Two grades of winter oils are rc'cogiused at the New Yoik Produce 
Ex(diang(' : “ piime winter white ” cotton seed oil, and “ juime winter 
yellow ” cotton seed od. rrime winter white cotton seed oil must In* 
perfectly clear, straw-white to white in colour, sweet in tlavoui’ and dry, 
and must remain clear, at. a tcnqierature of 32° F., for five hours. Prime 
winter yellow cotton seed oil must be transjiarcnt, fits^ from water and 
foots, sw^et in flavour and odour, straw c.oloured (not i eddish), and 
must 1 email! clear, at a temperature of 32° F., for five hours. The cold 
test relied upon must be carried out as follows : A i-o/. sample botth* 
is filled wuth the od, a thermometer inserted through the cork of tlu' 
bottle, and closed tight. The oil is then w'armed slowly to S()° F. and 
allowed to remain at that temperature for fifteen minutes. It is then 
put into a box surrounded by ice and allow'ed to stand in the box for 
five hours. After this time it must still be clear, brilliant, and fri'c from 
“ stearine.” 

As a by-product of winter od then' isolitamed “cotton s(>(m 1 stearine” ’ 
(¥rmc\\— Margarine de colon, Margarine e&jetale. Clerman Baiiin- 
wollslearin, VegehthiUsclies Margarhi. Italian — Margarina dh rolone), 
a light-yellow fat of buttery consistence. This cotton seed stearine is 
manufactured on a large scale, especially in the LImted States, in the 
process of producing “ winter oil,” by cooling cotton seed oil, draining 
otf or filtering off the solid deposit, and pressing the latter. 

Since cotton seed stearine forms an article of commerce, and is 
largely used in the manufacture of lard and butter substitnt.es, it may 
be of use to record the physical and chemical characteristics (sec tables, 
pp. 198, 199). i 

It should be noted that, according to the pressure employed in 
the manufacture, cotton seed stearine contains a larger or smaller 
proportion of liquid glycerides; hence, the great divergence of the 
solidifying and melting points recorded in the table is easily explained. 

^ Witli the above described cotton seed ste.arine there must not be eoufouiided the 
cotton seed “stearine” obtained by distilling the fatty iicids obtained from cotton seed 
oil “mucilage” (cp. Vol. III. Chap. XVI.). 
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The beliaviour of' cotton seed stearine in the colour tests is the same 
as that of cotton seed oil itself. The same holds uood of the chemical 
composition, with this limitation, however, tliat the ])roporlu)n of solid 
fatty acids is lar^^er than in cotton seed oil. Thus Ilchner and Mifcliell 
found in a sample of cotton seed stearine 3-3 per cent of sti'aru' acid. 

Kecent observations by the author have shown that it is doubtful 
whether stearic acid does occur in cotton seed oil, inasmuch as it was 
lound that 5 or more per cent of stearic acid dissolved in the mixed 
cotton seed fatty acids could not be thus detected. Accordin^^ to 
Vidor J. Mcijer^ the “stearic” acid found by this method is most, 
likely arachidic acid, or a mixture of palmitic and arachidic acids, since 
Mcffer was unable to detect stearic acid in the methylesters of the 
cotton seed oil fatty acids (see Vol. I. Chap. Xll. and followiiifi, jia^e). 

According to the amount of “ stearine ” hdt in I he oil, the ])roport ion 
of glycerides of solid fatty acids in cotton s(‘ed oil vary ; therefori; such 
widely diifercnt pi'rcentages of solid fatty acids as are stated by Tivilchell, 
Farnstemer, Tobnari and Munson, viz. from 22-3 to 32-6 ])(!r cent, aio 
readily explained. Boki/ (m the author’s laboratory) found in a number 
of American and Egyptian cotton seed oils propoitions of solid fatty 
acids varying from 20’92 to 2M8 per cent. 

The solid fatty acids consist chieily of palmitic acid ; small (|uant itii's 
of arachidic acid appear to be present. 

No ether-insoluble bromides having beim obtained from cotton 
seed oil, liiiolenic acid may be considered to be absent. The hqiiid 
fatty acids seem to consist of oleic and linolic acids only. Jlazura ^ 
stated that the lii^uid fatty acids consist approximately of CO per (amt 
of linolic and 40 per cent of oleic acid. The proportion of Imolic acid in 
the mixed fatty acids as calculated from the isolated linolic tetrabromide 
melting at 113-U t'" (J. was 18-15 per cent (Fanisfnncr) and 21 ])er (-ent 
(fA^wko Wit sell). From the Inpiid fatty acids Fanistcinnr obtain(‘d 
linolic tetrat)''oniido coriesponding to 23-9 per cent, linolic jk id. Fi'om 
the ])(U’centag(‘ composition of 23-45 per cent linolu* acid and 76-55 pin- 
cent oleic acid would follow the calculated iodine value of the Inpiid 
fatty acids ^ 111-5. Since direct experiments ((*p. table, ]). 190) h'ad 
to the iodine value of the liquid fatty acids of approximately 150, the 
amount of linolic tetrabromide fouiui would a])p(‘ar to be imicli laFiw 
the truth, h or further experiments made to explain tlu^ discr(*])ancy 
cp. Vol. J. Ciiaj). VJll. p. 576. 

^ 1907, 791. - Zritackr. I. (itijjen'. Vhrm., 1SS8, 31.''*. 


[Tablr 
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Physical and Chemical Characteristics of the Insohihle Fatty Acids 


Insoluble AchK 
+ Unsuponiluiblo 

SolidifyinK Point 

Titfi 'iv.it 

Melting Point 

Iodine V'.iliif 

I’d 

(■flit. 

Obsfrvei . 

“C. 

Ob.sfi\fr 


Ulisei ver. 

Pei 

cent 

Obsei \ei 

95-5 

Muter 

34 9- 
B.') 1 

Lewko- 

witscli 

27-30 

I)e Nog 11 
and 
KahiiH 

9 1 3 

Do Negll 
and 

Fa 1)1 i.s 

96 3 

Hart 

40-8^ 







The fractional distillation of the methylesters- of cotton seed oil 
fatty acids boiling above 200'^ C. at 18 inin. pressure i^ave tin* results 
detailed in the following tabh‘ {Victor J. Meyer) : - 





truant ily 

1 

Fi ,'u tioii 

Hoiling Point 

Pifssiiie 

oblaiiK'il li'oiii 
W.'> (iiniiis of 
(HI 

j Iodine Value 



nun 

Ciianis 


I. 

Up to 201 

16 

.S 

1 77-13 

II. 

201 5-201' 

16 

9 

101 19 

III. 

204 -207 5'' 

16 

20 1 

1 123 51 

IV. 

207 ‘.5-210 -5° 

16 

<83 

130 87 

V. 

210 5-214-5° 

16 

11 

123 83 

VI. 

above 214-5° 

16 

2 

107*23 


Th(‘ iodine values enumerated in the last column confirm the above 
statement that oleic acid and linolic acid only are present amongst 
the unsaturated fatty acids of cotton seed oil, to the practical exclusion 
of linolenic acid ; for the methylesters of oleic acid and linolic acids 
have the theoretical iodine values 85-82 and 172-78 respectively. 

On oxidising the unsaturated fatty acids of cotton seed oil two 
tetrahydroxystearic acids are obtained, melting at 155-5°-156-5° C. and 
at 173° C. respectively (Hazuraj Hartley^). This fact lends support to 
the view that two linolic acids exist. 

The acetyl values of various samples of cotton seed oil were found 
by the author ^ to vary from 7-6 to 18, according to the state of freshness 
of the oil. There was, however, no strict parallelism noticeable between 
the amount of totri volatile acids and the acetyl value. 

Cotton seed oil eminently typifies a semi-drying oil. In the Livache 
test it absorbs 5-9 per cent of oxygen in twenty-four hours. By blowing 
air through cotton seed oil at a temperature of about 90°-100° C. oxygen 
is absorbed, with the formation of a small amount only of oxidised acids, 

* The author us informed that some cotton seed stearines produced in tiu* United 
States of America have still higher titer tesK 
Journ. of Phys.y 1909 (38), 366. 


* Lewkowitsch, Amdijsl^ 1899, 319, 
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tlic acetyl value rising at the same time considerably. This is shown 
in the following table, reproducing some experiments made by the 
author.^ (Cp. also “ lilown Oils,” Chap. XV.) 



Specific 
Giavity at 
l&'O' C. 

ToUil Volatile 
Acids per 
Omni in 
terms of 
Milligrams 
KOII. 

Oxidised 

Acids. 

Per cent. 

True 

1 Acetyl 
Value. 

(’otton sp('(l oil ... 

0*9250 

0*1 


7-6 

(yoltoii .seed oil, l)lown two 
lioiiKs at 120" G . 

0*9262 

2*88 

0 51 

11 32 

Cotton seed oil, Mown four 
lioiir.s at 1 20" (' . 

0 9291 

2*44 

0-87 

20-46 

Colton .4i'(‘d oil, Movui siv hours 
at 120 C. . ... 

0 9350 

4 60 

0’94 

25-4 

Cotton send oil, Mown ten hoins 
at 120 C 

0 9346 

4 16 

1*28 

30-81 


In the following table are contained the numbers obtained by 
Procter uikI Holmes . - 


Blow 11 

Spccilic GiaviLy. 

Hefi.actiM- Index 

Ifxline Value 

Tlouis 




0 i 

0 920 

1 4715 

106 0 

3 

0 926 

1-1715 

105*0 

6 

0*926 

1 1716 

98-0 

9 

0 92(i 

1 4750 

97 0 

12 

0 927 

1*4751 

97 0 

15 

0 929 

1*4752 

96 0 

18 

0 009 

1 4757 

91 0 

21 

0 ‘131 

1 4 75S 

!» 1*0 

21 

0 93 C 

1 1759 

91 0 


The mixed fatty acids do not absorb oxygen as rapidly as does the 
oil itself. Thus in the Lirache test only 0-8 per cent wen^ absorbed, 
as against 5-!) ])er cent in the ease of the oil from which the fatty acads 
had been derived. 

In the ('laidin test a mass is obtained of jiasty and buttery con- 
sistence. 

Cotton seed oil is readily reduced by hydrogen in the jiri'sence of 
a catalyst to a hard fat., the iodine value of which can be brought 
to almost y’lo. (Cp. VoL III. Chap. XV. “ ll^alrogenised Fats,” 
“ Hardened Fats.”) Such reduced cotton seed oil gives neither the 
Becehi nor tlie Halphmi colour reaction (see below). 

Cotton seed ml is readily recognised by the high melting and solidify- 
ing points of its fatty acids. This characteristic difference from similar 

“ joum, Slh. Chem. Ind,, 190.y 1‘287. 

'* Origiiiiil oil. 


A nall/St, 1899, 322. 
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oils renders the identification of cotton seed oil a comparatively easy 
task. Tliis also ^O’caily facditates the det<H'tion of it in other ods and 
fats. TJuis ])ur(' niai/(‘ oil can be easily distinguished fiom ( otton seed 
oil by the tit(‘r test of its fatty acids. The' iodiiK* value of natural cotton 
seed oil is also iiiijiortant for purposes of identificatiorp es])e(‘ially so 
the iodine value of its li((uid fatty acids, although the iodine numbers 
ai’e less characteiistic than the solidifving and melting ])oints. 

The unsaponifiable matter in cotton seed oil varies from ()-7d to 
1T)4 ]>er cimt, and consists to a great extent of sitosterol, in admixture 
with non-crystallisable colouring matters. Ibmce, the characteristic 
‘ phytosterol crystals ” (‘an but rarely be isolated m a rapid manner 
fi'om the unsaponifiable matter. According to Bonier anil Winter^ 
the crude sitosterol riapiires to be recrystallisi'd seven or eight times, 
before the pure substance, melting from 13()"-b37° 0., can be obtained. 
In the ])hytosteryl acetate test the unsaponifiable niattiu' vu'lds crystals 
melting Ironi 12:’rrA12r" 0. 

Siei/fehl^ obtaiiH'd from cotton se('d oil ()-b72 ])er (amt of crinh* 
“ phytosterol.” On recrystallisation from hot alcohol, a resinous 
dark Nafilow^ suhstania' was found adheimg to the glass. This substamai 
was (a)m])h't('h’ insoluble in ahailiol. Fiom th(‘ fiist mother lupior 
crystals of indistinct form s('paial(al ; th(‘.se waua' purilh'd si^jiaiately. 

. After the fiist crvstallisation, tlu'V showed wafil-formed plat('s, obtrun- 
cated at both ends. Th(‘ iiK'lting point after the fifth crystallisation 
wais 92-7' -b3‘7” 0. This substanc(‘ could not be acetylated. Aitei the 
usual treatment with aci'tie anhydride, on laMuystallising, lamime of 
the same lorm wer(‘ obtaiiaal : the nK'lting point ol th('S(‘ was, aft('i tlu* 
thud ciystalhsation, 92 (>'^-93 tO (' 

1 he first crystallisation of the unsapomliable substaiaa* showaal 
no definit(' form, and was strongly contaminated with oily siibstanci's. 
The secoitil crystallisation vielded long, hard, britth* niaalles nu^lting 
after the ninth crystallisation at 12l-8'"-l22 2" (I. Aft('r tieatment 
w ith acetic, anhydride, the substanci' VK'hhal exactlv th(‘ saim* ci\'stals, 
iiK'lting alter the second crystallisation at 12 1 -(S' - 1 22-8” (h ft- was only 
from the motlu'r li([Uois of th(‘, substance that sitostiu'ol could b(‘ 
obtained in its characteristic crystals, ddie undting point of the sitosti'rol 
after the fifth crystallisation was j, 38-8"- 1 39 8’ (1. The melting point 
of the acetate after the sixth crystallisation was 1 31 -fy'- 132-5" 0. It 
would th('r('foie ap])ear t hat Bonicr's aci'tate of the melting jioint 123-5''’- 
121'^ C. ^'as a mixture of Siei/fehrs substancig imdt mg at 121 -8 ’-122-8^’ C., 
with a cmtaiii amount of the true acetati* melting at 131 •5'’-l32-5" C. 

HeuJiiscJika ai^l Gloth'^ wow unable to detect stigmasterol in the 
unsa])onifia[)le matter of (-otton S(‘e(l oil. Th(‘y obtain(‘d fiom the 
unsa])onifial)le matter a dibromo-jiliytosterol melting at 127" (’. 

f. Vntds (/. .\ahuis- //, Ufnnssiii., 1901, 872. 

tbuf , 1904, (.'{) also Konig ami SclihirkfliUM- {Ibid, 1908, xv. fiOS), who 

give as iiieltiiig of Insjueiitlv lei ly.stalli.sed “ phyroslerol” 187 and 188 (!, and 
tlie nndling poinU of llnrd, fourth, .ind fifth crop of its acetate ;is 128-6', 124-8'', 
and 125-8" C lespectively. 

-’ PhxuH, Xni(i , 1908 (49), 868. 
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Wagner and Cl€me7it ^ found in the unsaponifiable matter from 
soap stock ” (Vol. III. Chap. XVI.) in which the unsaponifiable 
matter accumulates, two al(;()hols, one melting at 139° C. and the other 
at 130°-131° C. The former gave a cbbromide, the acetate of which 
melted at 122°423° C. and decomposed at 145° with evblution of hydro- 
bromic acid. The second alcohol (melting at 130°-131° C.) gave an 
acetate melting at 120° C., the dibromide of which melted at 111°-115° C. 
and decomposed with evolution of hydrobromic acid at 148° C. Wagner 
and Clement concluded that these two alcohols are different. //. Matthes 
and W. however, found in a thorough study of the unsaponifiable 

matter of cotton seed oil (by resolving it into a solid and a liquid })ortion) 
that the solid portion consists of a phytosterol (sitosterol) melting at 
139° C. (see Vol. 1. p. 276) and a substance imdting at 81°-82° C, repre- 
senting an amorphous yellowish mass, and a dextro-rotary oxygen- 
containing unsatiirated substance melting at 172°. The dextro-rotation 
excludes the presence of stigmasterol (thus confirming EeidusMa and 
GlotJis observation), to the presence of which the high melting point 
would naturally direct attention. The liquid portion was resolved 
by fractional distillation %n vacuo into 5 fractions, boihng from 98° C. 
up to 300° C. (the 4 last fractions of which absorbed respectively OM, 
123, 102, 112 per cent of iodine). The unsaponifiable matter did not 
give the Becchi reaction. 

Cotton seed oil, being one of the cheapest fatty oils, is not hable to 
adulteration. Still, at times when linseed oil, maize oil, and soya bean 
oil are much cheaper than cotton seed oil, admixture with these oils 
may occur. Linseed oil is detected by the higher iodine value of the 
sample, and notably by the bromide test. The detection of soya bean 
oil and maize oil is a more difficult problem, which requires systematic 
application of the methods detailed in Vol. 1. Chap. Vlll. (cp. also 
Chap. XII.). 

Edible cotton seed oil is employed in immense quantities as a table 
oil and in the manufacture of margarine, and besides these legitimate 
uses, for the adulteration of olive oil, lard, and other edible oils and fats. 
The detection of cotton seed oil in these oils and fats thus becomes one 
of the most important objects of fat analysis. It is therefore not 
surprising that the literature on this subject is very voluminous. A 
number of colour tests have been recommended for the identification 
of cotton seed oil and its detection in other oils. The opinions of 
various observers as to the value of one or other of these colour tests 
differ greatly. This divergence of statements is in no small decree due 
to the differen(;e of age and source of the specimens examined. With 
regard to the latter, it should be noted that American oils differ some- 
what from Egyptian oils in their behaviour to the reagents used for the 
colour reaction. 

The author has examined the various colour reactions proposed, and 
found most of the older tests useless. Hence they are omitted here.^ 

^ Zeils./, Unters. d. Nahnjs- u. Oeiiusm,, 1909 (xvii.), 267. 

- Ardur d. Idiarm,, 1909 (247), 161. 

Cp. second edition of tliie work, }>, 384. 
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The few colour tests that will be discussed arc certainly of assist- 
ance to the analyst, but it should be distinctly understood that 
colour reactions taken by themselves should not be relied upon as 
giving a decisive answer. At best they can only be used as a preliminary 
test, or as a confirmatory test. 

The best colour test for the identification of cotton seed oil, and 
for the detection of it in other oils and fats, provided the cotton seed 
oil has not been heated, is the Halphen colour reaction. This test is 
carried out in the following manner : — 1 to 3 c.c. of the oil is dissolved 
in an equal volume of amyl alcohol ; to this is added 1 to 3 c.c. of 
carbon bisulphide holding in solution 1 per cent of sulphur (flowers). 
The test-tube containing the mixture is then immersed in boiling water, 
and kept therein for some time. The carbon bisulphide evaporates off, 
and cotton seed oil gives in the course of five to fifteen minutes a deep 
red colouration. This colour reaction is most characteristic, and it is 
possible to detect thereby 5 per cent, and even less, of cotton seed 
oil in admixture with other oils and fats, e.g, olive oil or lard. In 
cases where the proportion of cotton seed oil is small, the test-tube 
must be kept in the water- bath for twenty to thirty minutes, or pre- 
ferably in a salt-bath at 105° C.^ Mixtures of olive and arachis oils 
containing 1 per cent of cotton seed oil gave in the author’s laboratory 
distinct colourations after twenty-five to thirty minutes. 

T’he ease with which this test can be carried out, and its apparent 
reliability, have led to an over-estimation of this very useful and 
important reaction ; so much so that grave errors may be committed 
by those who assign to this test an exclusive, or even a paramount, 
importance. It is altogether unjustifiable to look upon this test, as 
has been done, as permitting of quantitative interjiretation. 

Up till recently it was entirely unknown what substance produces 
the colour reaction in the lldipheii test, and all conjectures as to its 
aldehyde ■ nature or otherwise “ rest on unfounded assumptions. E. 
Gaslaldi siiowed that purest amyl alcohol givi's a very faint reaction, 
whence he concludes that the colour reaction is pioduced by impurities 
contained in commercial amyl alcohol. Indeed Gaslaldi sliowcd*'^ that 
amyl alcohol may be rejilaced in the Halphen test by a droj) of pyridine, 
anilme, chinoline, or a few drops of concentrated ammonia, or a con- 
centrated solution of caustic soda or caustic potash. The chromo- 
genetic substance appears to be present m very small quantities only, 
and is also retained by cotton seed cake ; it lias the property of 
passing into the body fat of pigs and cattle fed with cotton cake. 

^ 111 ordci to tlio leactiuu at a still liijiflier U‘iii{K‘»aturo Hteiiiniaini {Scfivvir., 

]V(>du'nschr. /. (Jhdii. und Pluiim., 1901 (39), 500) pio])osed (uiiuecessanly) to add 
ainylalcohol to tlie Halplit-u leageiit. 

Cp. Soltsieii, Zeiischr.J. ol/ent/. Chema’, 1899,300 , Cliarabot and Marsli, Bvdl, Si>c. 
Chu/}., 1899, 552 ; Haikow, Chan. Zed., 1899, 700, 892 ; 1900, 502, 583 ; 1902, 10 ; 
(Jill and Denison, Jouai. Ainer. C/win. ,Soe., 1902, 397; Kaigasliew, riiurni. Jonrn., 
1905 (1 1), 1229 ; Kn])p, Zeds, /. Unters. d. Nahnjs- a. (Jemissni., 1907, xm. 74 ; Petkow 
Zatsch'i. J. ojlcnil. Ckemie, 1907, 21. See also footnote 1, p. 207. L. Uarnier, Ann. 
(^hem cmalyt., 1909 (14), 209; L. Ron net, /wmi. C/am., 1909 (29), 379; 

P. Maieille, Annales des Falsif.,A^l0, 235. 

' .\iiiinb del lAtborat. Vhm. Cenir. delle (Jahellc, vol. vi., 1912, 601. 
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Hence the Halphen colour reaction ^an be obtained with lards^ etc., 
whicfi are abHoliitcly free from admixed cotton seed oil. 

It should further be noted that failure to obtain the colour in tin* 
Ilaipficn test doe.s not prove the abs(m(“e of cotton seed oil. Koi‘ the 
chromogcnetic substance is destroyed by heatmi^f cotton seed oil to 
250° C., or even by keepin<^^ it at 2(X)° C. for some pi’olon^nxl tiine,^ or 
by blowing cotton se(Hi oil with air (Lewkowitsch), or treating with 
fuming hydrochloiic achd,^ sulphurous acid,^ and chlorine. Ootton 
seed oil so treated no longin' gives the ll<ilphen. colour reaction. Blown 
cotton seed oil (Vol. Iff. Blown Oils ”) and even old rancid oil cannot 
therefore be, ident ihiHl by the Ilalphcn test. 

Hence a negative Halphen test in a suspectinl sample is no conclusive 
proof of the absmice of cotton seed oil. Cotton seed oil fatty acids do 
not show the colour test as distinctly as the oil itself. Fre(|uently tlie 
mi.xed fatty acids obtained by saponifying cotton seed oil give a very 
faint ri'd colouiation only^ or even none at all^ most of th(‘ colouring 
matter having either been destroyed or washed away in the process of 
isolating the mixed acids (LewkoivUsch). 

Finally Ihdphens lest can no longer be considm'ed as exclusively 
du(‘ ro cotton seed oil. Kapok oil and baobab oiM give the same 
colour reaction, and th(^ last-named oil with even grisiter intensity than 
cotton seed oil (Milliau). 

In case a ra'gative Jlalphen tost be obtained on examining a samplig 
and the jiresence of heated cotton seed oil be suspected, conlirmation 
may in some cases be obtaiiu'd by the nitiic acid lest. This test is 
best carried out, with nitric acid of I '375 sjiec-ific gravity, as the author 
has ascertained by a number of experinuMits. A fev\ c.c. of the sanpilc 
are shaken eiuTgetically with an eipial imsisure of nitric acid of the 
specified gravity, and the sanpile allowi'.il to stand for some time, up 
to twentv-four hours, ('otton seed oil giv(‘s a colfee-brown colouration 
which IS characteristic; of this oil to such an cixtent that admixtures ol 
10 to 20 per ccmt of cotton seed oil to olive oil can be detc'cted in cei tain 
cascxs,^ IKit even here gieat circumsjK'ction is necessary, as th(‘ coffee- 
brown colouration given by some spc'cimens of cott.on seed oil is not 
characteristic of all cotton seed oils. Thus the; author has met vitJi 
many American cotton seed oils that gave the nitric acid test so faintly 
that olive oils mixed with 10 per cent of this cotton seed oil showed no 
coffee-brown colouration. Important is the obseivation made liy the 
author, viz. that a specimen of heated cotton seed oil which no^longer 
gives the llalphen t(;st still givc'S the brown colouration with nitric acid, 
and that also the fatty acids fiom this spcicimen of le^iited cotton seinl 

1 Oilar [Aimr. Chem. Journ. ‘21, statrs tliat lieatiii^ f'<»r <aio liour to 140Vir)0" (’. 
Ill a stfi-l pull Miflioesto nullity the llalphen colour test. 

- Kuhn iiii<l Beiii(eii, Znls. f. rnteis. d. Nuhnis- u. Goivssm., 1906 (xii.), 141* 

•' Fiscliei and Peyaii, ibid., 1905 (i.x.), 81 
.Ciwipt. rend., ioOd (139), 807. 

’’ Soltsieii (C/teni. Rente, 1908, ‘29) raises an objection against tins test on the ground 
that olive and ha/eliiut oils heated to ‘250" d also give a brown colouration. This 
“ objection ” IS (piite nniujelligible, tor no nianiilacturer would heat edible olive and 
hazelnut oils in order to substitute them lor cotton sw-d oil. 
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oil showed the eoloiiration distineily. This ])roves iiirideiitally that 
there are at least two cliroino^^enetic suhstances jiresent in cotton seed 
oil. 

The Silver Nitrate Test. — This t(‘st was lirst pro])os(Hl by Bccchi, 
and althoii^di it has been persistently eondiMiined by a nnniber of 
()bs('r\Trs, it. is still beinj^ employed by many eliemists, especiallv m 
Fiaiin^ and Italy ; lienee a disenssion of this test must lind a jilaee heie. 
Several years ayo the Italian <^mvernm(mt a]»])()inted a sjieeial eommittee 
to in((uire into the value of this test, and aeeordin^ to the r<‘poit i;iven 
by Del Torre, the followin^^ two rea,i.fents are reipiired . - 


Silv('r iiifialf 

Ruvoknt 1 

1 (H) Lom. 

Alcohol, 1)8 i)cr 1 

•(>nt (by volume) 

200 0 c c. 

Killer 


10 0 c c. 

N it I'ic acid 


0 1 yim 

.Amyl all oliol 

HKOilAT 11. 

100 c.c. 

(lolza oil . 


15 c.c. 


The lest. IS (-arned out as lollows 10 e e. ol the oil under (examination 
aie mixi'd in a ti'st tube with 1 e.e. of rea^imt J., and then shaken with 
10 e e. of reayent 11. The mixture is next divided into two e(jual 
poi turns, one of which is ])nt asidi' for eompaiison lat(‘r on, wlnu'cas 
t h(‘ otlu'r is inimers(*d in boiline, water for a (piaiti'r of an hour. The 
hi'aled sam])le is then removiMl from the watiu-bath and its colour 
compared with that of the first ])ortion. Ihesence of cotton seed oil 
IS indicat('d by the reddish-brown colouration of the iu'atisl ])oition. 
DeNeijn and Fahris hiy sj ress on the necessit vof the puK'st alcohol. 
Th(‘ cob 1 oil used should be ‘‘cold-drawn" oil, and only slightly 
colouied ; it should be filtered in a hot water oven before ])i('])aiin^^ 
t h(‘ irayent. To <^uard aoainst ])ossible (UTors arisiii}^^ from tlu' impurity 
of the reagents a blank test should be instituted side by side with the 
actual test. 

Veruzzi, Ridolji, Rosier, and Wiley testi'd Readtds method in the 
case of over 200 samphxs of cotton scied oil, and found it thoroughly 
1 (‘liable, no other oil giving them the brown colouration. Ilolde} on 
the (umtrarv, considers the test as absolutely valueless , Init. the ('X])eri- 
meiits of l)e Negri and Fahris, as also tests made lepi'atedly by the 
author *(see below), prove that II aides statenie.nts an* too sweeping, 
having most likely bemi deduced from observations on the ])articular 
sam])le he examined. 

The Beechi test is too capricious to be lecommended. Moreover, 
it is (lifbcult to understand why colza oil is introduced ; frecpiently 
even serious errors are thereby caused. 

The statements contained in the literature on Beechi s test are of a 
most conflicting nature. 

^ Journ. Soc. Chon. Ind.^ ISti'J, 037. 
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Boiedikt found that some samples of cotton seed oil do not reduce 
Beech IS reagent either with or without the addition of colza oil. Since 
Becchi himself states that old samples of cotton seed oil only reduce the 
silver nitrate when colza oil has been added, the value of all the modifica- 
tions proposed becomes doubtful.^ The author examined mixtures of 
Egyptian lOilm seed oil with olive oil, and finds that an admixture of 
10 per cent of cotton seed oil can be detected with certainty, whereas 
in the case of 5 per cent the reaction becomes indistinct. The silver 
nitrate test can, therefore, only be relied upon as decidedly indicating 
the presence of cotton seed oil if a positive reaction has been obtained. 
Absence of colouration, however, does not prove absence of cotton seed 
oil. Since even pme lard (see “Lard”), as Wesson stated, gives a 
slight colouration with silver nitrate, and furthermore, as olive oils 
are often met with which give the Becchi reaction to a very marked 
extent {Milliau), even the appearance of a brown colour should not be 
considered as absolute proof of adulteration with cotton seed oil. 

Milliau modifies Becchi's test by adding the silver solution to the 
mixed fatty acids instead of to the neutral oil. 

Milliau ^ proceeds as follows : — 5 c.c. of the fatty acids of the 
sample are dissolved in 15 c.c. of 1)5 ])er cent alcohol, and heated in a 
water-bath to C. Two c.c. of a 30 per cent solution of silver nitrate 
are then added, and the mixture is again heated until about one-third 
of the alcohol lias evaporated. If tlie sample be cotton seed oil, or 
contain cotton seed oil, the silver nitrate is reduced to metallic silver, 
producing a black or brown colour in the liquid, or giving ])artic]es of 
reduced silver. Even 1 per cent of cotton seed oil, as Milliau states, 
can thus be detected. Wiley ^ considers this test a very useful one, 
whereas HeJmer^ sees no advantage in this modification of Becchi s 
test, an opinion in which the writer fully concurs. In many samples, 
where cotton seed oil was present and was indicat(‘d by Becchi s test, 
I could not obtain the reaction. 

This fact is explained by an observation made hy a Erencji Com- 
mittee, consisting of Muntz, Durand, and Milliau, viz. that by washing 
the free fatty acids repeatedly, the substances (supposed to be of en 
aldehydic nature) which produce the colour i-eactions are w^ashed 
away. They therefore recommended not to melt the fatty acids, so as 
to retain the chromogenetic substance in the mixed fatty acids. Mdliau 
proceeds in the following manner : — 

15 c.c. of the oil are saponified m a 250 c.c. porcelain dish witli 
alcoholic potash, and the soap is dissolved in 150 c.c. of distilleil water. 
The alcohol is evaporated off by boiling, and the fatty acids are liberated 
by adding a slight excess of dilute sulphuric acid. ?i!ie solution must 
not be boiled in order to melt the separated fatty acids, as otherwise 
the aldehydic substances may pass into the aqueous solution. The 
emulsified acids are taken olf and washed in a wide test tube three times 

^ Wilson aKo {(Iwm. .''lU, 99) states tliat cotton .seed oil, after keejniig for 

.some time, lo.ses its jiower of reducing .silver nitrate. 

“ Coinpf. rout., isSS (106), 5r>0 ; Jmirn. Soc. Chem. hid., 1893, 710. 

^ Lard and Lind AdulleratiDns. Washington, 1889, 407. 

■* Anahist, 18, 165. 
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e;u*h with 10 c.c. of cold distilled water. Finally, the fatty acids are 
dissolved in 15 c.c. of 92 per cent alcohol, and 2 c.c. of a 3 per cent silver 
nitrate solution are added. The test tube is plac-cd, protected fiom 
light, in a water-hatli and heated to 90° C. until oneThird of the alcohol 
has evaporated off. Ten c.c. of hot distilled water are then added, 
and the heating continued for a few minutes. In the presence of cotton 
oil, the fatty acids which float on the top are black, owing separa- 
tion of metallic silver. If the proportion of cotton seed oil exceeds 
15 per cent, the aqueous solution is also coloured. 

Jmv's proposal, to decompose the soap solution obtained on saponi- 
fying the oil under petroleum other, is preferable. The fatty acids, 
as they are librated, pass into the petroleum ether, carrying with them 
the chromogenetic substance ; when the petroleum ether solution is 
subsequently washed, the chromogenetic substance is not removed. 

The reduction of silver nitrate is stated to be effected by a siibf^tance 
of an aldehydic nature, the properties of which have not yet ^been 
investigated.^ It should be noted that the silver reducing substance 
IS destroyed or oxidised by heating cotton seed oil or its fatty acids to 
240’ (b (U'V.vso//), or even by keeping the sanqile or the free ai'ids for 
some time. T'hercforc, cotton seed oil heated to 240° C. (‘annot be 
ideiililied or recognised in other fats by Beccliis or MiUuiu's tests. 

Torlelli and Buggen - state that the Milliau test becomes more 
delicate on examining the liquid fatty acids in the following manner 
5 grms. of the liquid fatty acids of the susjiected sanqile are dissolved 
in 10 c.c. of ah ohol, and 1 c c. of a 5 per cent silver nitrate solution is 
added ; the sanqde is then lieated on a water-bath to 70°-80° C. Cotton 
seed oil reduces the silver immediately, whereas olive oil and other oils 
remain clear for some time. Even cotton seed oil— wdiich had been 
heated to 250° C. for ten and twenty minutes resjieidively— could bo 
recognised wiien present in as low a proportion as 10 per cent in olive 
oil, on all(cving the liquid fatty acids of the mixed oil to stand in the 
hot water- 1 Cl th for several liours. 

From the foregoing remarks it is obvious that the colom* leactions 
can only be used as subsidiary, or at best as confirmatory tests, and 
that the Halphen test should be supplemented in the case of heated 
oils by the nitric acid test or by the modified Milhaiis test suggested 
])y Turlidli and Ruggeri. The main attention of the analyst should 
be direeded to the indications furnished by the iodine value of the 
oil (or its mixed fatty acids), the iodine value of the liquid fatty acids, 
and the solidifying and melting points of the mixed fatty acids. In 
case an animal oi^/or fat is suspected of being adulterated with cotton 

’ Dupont {HuU. Sor. CVinn., 1895 [8], 696 , Bui/. C/icm., 1895, 811), lia\ obtaiiu-d 
on i)a,ssing a rurnuit of steam through cotton seed od a \olatde sulistance yielding 
siiliihunc acid on o.\idation, ascribes the Becchi leaction to tlie formation of silvei 
sulphide. But as the remaining oil .still gave the Hecchi test, proof foi Dupont’s opinion 
i.s wanting. Haikow ((Vtein. Zeit., 1899, 769) did not obtain the rolatile suliihuiised 
.substance, but its occiiirence i.s confirmed bv Fischer and Pe>aii {Zeds. f. Vult'UH. d. 
yuiin/s- i(. (Jcniissin., 1905 (i\.), 81). Mattlies and lleint/ ttufe most di^^Unctlj that tlic 
uusaponitiable matter in cotton seed oil ns/zre from sulphur. 

Ajnudi del Laborat. Cenlr. delle O'ahellc, 1900. 
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acetate tewt aliould not be omitted. Fiirtlicr information on the 
detection of cotton seed oil will bo j^iven umhu’ the headim^^s of '' Olive 
Oil,” ” Lard,” and “ Tallow,” in this cha])tei‘ ; and under Edible Oils 
and Fats ” in Vol. Ill, Chapter XV. 

It has been pointed out already that the finer j^rades of cotton seed 
oil are nso'^ xhir edilde purposes.^ Tlu^ lower j^u’ades are em])loyed in 
enormous (piantities as a soap-making^ oil. On account of its dryin^^ 
and <^mmmin^^ properties cotton seed oil cannot be reeomnumded as a 
lubri(‘atinf^ oil. It is fre(piently stated that the blown cotton seed oil 
(see Vol. 111. Cha]). XV.) is suitable for Iubri(*a1ini> pur])Oses , at any 
rate considerable (juantitii'S of cotton si'cd oil an* eonviuted into blown 
oil (one brand of such oil is known in 1 li(‘ t radi* as “ lardiiu' ” “) Smalk'r 
(plant it K'S of cotton schmI oil aie iisial as burning; oils and in th(' adultera- 
tion of jiaint oils and for (pumeliinj:; aiiuour plati's 

('otton seed oil intmidi'd for t(‘clinical ])ur]»oses must. 1)(‘ (hmat iiK'd ” 
befoie im])ortation into Australia either wutli 5 jici c(mt of its hulk of 
mineral luhiicatin^ oil of specilic .itnivity (Sh at bO ’ F., or 10 ])(‘r (’cnt of 
its hulk of mineral lubricating oil of lower spectlie. j,!,ra\ ity. 

The Cerman (histoms ^iresciihe losemary oil as a dcnatiiiant 


SKSAMi': OIL, BKNISMKl) OIL, OIN'CKLLI OIL. 'I’KKL Oil. 

hrmicli -Jlnilr (!(’ s(’.s<(iii(' (l(‘rman Nc.vioco/ 

Italian Oho (h .scsookk 

For tahh's of characteristics see pp. 217, 218 

S('sam('‘ oil is obtained from the seeds of the sesaim'' [il.int, h(‘lony,iny; 
to the family of Jh^/uoniaceiv The oii^inal honu' of Srsoiiniin milK'uni 
IS unknown. Accoidinif to A do ('aiidolle sesa.nii'‘ si'cd was hioiiyht 
from the Sunda Islands to India several tliousand vcaiis a^o, and has 
migrated thence through the Eu])hrat('S basin to J<^gy])t ^ 

Linna'Ui^ ditbu’cntiated two species, viz t^esaoiuiu iikIhouii, L., 
which produces white or yellow siaals, and ScsauiKni. oiK'ulfdi^ L., 
which produces daik (red, brown, or black) s(hm1s, Ik Caodollc unit(‘d 
the two species of Lituiaois into mug viz. Srsainiioi uKhcinii, of winch 
he discerns three sub-speci(‘s, viz. : (1) X quadn'deiilafuni^ S. nidicAini, 
L. ; (2) N. sahdentalum = S. indinim, Sims; and (8) M sidjiiidinsuni - 
S. oruodale, L. • 

India produces the largest amount of varietu'S ; then', the white 
seed, yielding the best Indian oil, is termed whilst the black 

variety, containing the largest proportion of ml, is known as tdhv. In 
the trade a mixture of white and dark seeds beais tlu', name higane. 

^ Such oil has been recomiiiended as a l*asis for ointments in plaio of lard (“ Ailcps 
gossjpii”). 

“ Not to ha coiifonnded with the edible fat “lardine” (see Vol. III. (hi.aj). XV.) 

^ Marco Polo mentions alieady the manufacture of ses.imc oil bi^ c\picssion ot the 
seed in Abyssinia, CVylon, and the Malabar ('oast 
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According to the rules of the trade, the white sesain6 must contain 
at least 85 per cent of white seeds. If the proportion of dark seed 
exceeds 15 per cent, an allowance is made. If the dark seed exceeds 
25 per cent, the term white sesame seeds no longer ap})lies. 

The higarre ([uality must contain at least 35 per cent of white seeds. 
The commercial seed known as “ grosses graines ” must not contain 
more than 20 per cent of “ petites graines^ No more than a maximum 
of 50 [ler cent of small seeds is permitted ; if they make up from 20 per 
cent to 50 per cent, an allowance must be made. 

By far the largest (piantity of Sesamum vidiciwi is grown in I^kst 
India, Java, Siam, Tonkin, China, and Japan.^ Large (piantities are 
also grown in the countries bordering the Mediterranean, especially 
in the Levant and Lgypt. The seed grown in Africa belongs to the 
species Sesauiiaii Hidiatum^ Shum and Tlionn. 

Smaller ([uaiitities are produced in Algeria and on the West Coast of 
Africa, as also on the East Coast (Mozambicpie, Zanzibar, German East 
Africa). In Soutliern Rhodesia the seed is cultivated by the natives ; 
it is not unlikely that in the near future it may be exjiorted to J^hirope. 

In South America tlie plants are grown m Brazil, Venezuela, and 
Mexico. In the soutliern states of North Aimuaca, and in seveial 
islands m the West Indies, the cultivation of the plant appears to be 
on the increase. 

Marseilles lias become one of the chief emporia ^ for the production 
of all grades of sesame oil from the Jievant, the Jndi(;s, and West Afiica. 
(It is noteworthy that the first Indian seeds from Jtombay weie im- 
ported into Marsiulles by tSchlocsuig Freres in the year 1879.) The 
following table giving the inijiorts of sesame seed into Marseilles shows 
the growth of this industry : — 

Kilo^s. 

1834 . 001 

18S" . . 0.32 

1841 . 1,008,200 

1842 . . 12,108,400 

1843 . . 17,003,400 

1850 . . 25,720,500 

1855 . . 34,021,500, of which 15,070,300 from Levant, and 

10,051,200 from the “ Indies.” 

1870 . . 77,803,000, of which 12,878,000 fiom Levant, and 

04,925,000 from the “ Indies.” 

1001-5 . . 205,000,000 

1000-11 . 243,000,000 

The value of the Indian export is given in the following ollicial 
table : — 

^ Cp. P. tl. lOjcihault, Le sesame de I' Juireme-OrtCid, oi L’Atjncullu/e piataiuc 
dcs /Vo/S' ('hands. P.ins, 1011. 

The following I)raii(ls of sesame seed are known m the Maiseilles market Red 
Knndwa (Piinjat)) ; Bondaiy mixed; Red Jiihhalpore (Punjah); Jlrown Gn/eriit ; 
Black Cawnpore ; Black small Kntnec ; Black Dhera , VVliite Kami; Black Ilurda ; 
Red hold, Black Bell, try (Bombay J’rcsidency) ; White Bondniy liold ; Kaiideish 
(Bombay (Joast) white ; B(jmbay mixed ; Brown Delhi. 

VOL. II 


P 
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The acrea^^e of land lyider sesame cultivation in India is given 
officially as follows 


A\oia;^a* Aica <liiini^ \ ii-ld diii iim 



j is'i't-ieo'.t 

Aoit'^ ! 

(s'l'l I'KIM 

Tons 

,T in i 

292,000 

25,500 

United ProvinrosJ 

1 700,000 

00,000 

1 (V'ntial ProvineeH and llerar 

018,000 j 

07,000 

’ Madias 

. 400,000 

98,000 

lloinbay * 

801,000 j 

107,000 

Jlenjjtal . 

250,200 

20,800 

J’un)al) .... 

' 148,500 i 

14,100 

Sind 2 

02,500 ! 

0,900 

Hyderabad 

484,000 


' Ineludin^f Natne States. 

^ E\clu(biii^ 

llydeiabad. 


The tollowiiig ta])les s})ecify tlu' imporfs of sesame seed into hVanee 
aiid Marseilles from the Levant, India, and (Tina The totals ijuLide 
tlie s('(mI from W(\st Afruai : — 


Imports' of tSesame Seed into France and Marsedlcs 


France. M(‘tric tons 


Ytwii TJki r.(‘\anl 


Ttidiu 


Tot.il 


1900 

6,708 

1901 

5,591 

1902 

5,467 

1 909 

9,975 

1901 

4,197 

1905 

9,957 

1900 

6,877 

1 907 

4,898 

1908 

2,267 

1909 

1,671 

1910 

718 

1911 

881 


56, COO i 

5,98! 

(;i,959 

1,899 

65,188 

10,670 

121,459 

7,920 

96,175 

48,198 

2,666 

90,708 

20,991 

59,990 

9,216 

25,085 

26,189 

99,662 

21,125 

91,999 

10,682 

65,587 

92,971 


r.iMisi) 
7a, 791 
89,41 a 
las/jat) 
101,(117 
95,172 
(11,194 
71,420 
54,789 
09,(120 
105,550 
101,981 


(Table 



212 


GLYCERIDES— SEMI-DRYING OILS 


OHAP. 


Marseilles. Metric tons 


Y(‘ai. 

riio li( \atit 

India. 

Oil Ilia. 

Afnca 

Uiissoiali. 

Total. 

1890 

11,410 

02,508 

97 



70,021 

1897 

12,843 

33,475 




49,411 

1898 

7,230 

53,802 




01,027 

1899 

3,755 

04,013 

893 



00,090 

1900 

0,018 

53,185 

4,834 



05,402 

1901 

4,555 

54,454 

4,899 



05,573 

1902 

.5,108 

50,357 

9,898 



73,307 

1903 

3,375 

110,782 

0,049 



123,324 

1904 

4,497 

88,770 




94,225 

1900 

3,2.55 

44,097 

2^512 

830 

*io 

50,704 

1900 

0,777 

28,213 

10,171 

1408 

1281 

47,8.50 

1907 

4,485 

54,959 

2,575 

1472 

340 

03,837 

1908 

324 

17,470 

21,818 

1405 

732 

41,749 

1909 

1,772 1 

40,8.52 

20,290 

1044 

129 

04,087 

1911 


24,840 

320 

3008 


28,518 


The importaiK'c of China as a supplier of sesame seed is growing 
yearly, as may be gathered from the statistical data contained in the 
preceding tables. 

The earlier total exports were as follows : — 


Year. 

'I’ons, 

1894 

138 

1895 

238 

1890 

40 

1897 

54 

1903 

031 

1904 

154 


In the year 1901) the total exjiort of sesame sei'd from China to 
foreign countries amounted to 128,165 tons, valued at £1,520,021.^ 

Tlie chief Eurojiean })orts to which Chinese seed was ship])ed and 
the quantities are given m the following table : — 


Name of 

Quant it\ 

Port 

(ewts ) 

Rotterdam 

090,040 

Marseilles 

404,000 

Trieste 

301,400 

Genoa . 

242,500 

Antwerp 

230,500 

Hamburg 

177,470 

Rromen 

134,900 

‘ The total of 1772 toms has been supplieil as (b'tailed in'^aic following 


'J'ons. 

IToin .Jaffa, Oaiffa, St. Jean d’Acre 

1601 

„ 'Parsus 

no 

„ Smyrna, Echelle-Neuve, Salaliah . 

20 

,, Enos, Gallipoli .... 

li 

,, Volo, Salonica .... 

Ifi 


• Bull. Imp. fust., 1911, 267. 


1772 
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The following statistics show the exports from the Anglo-Egyptian 
Sudan and German East Africa : — 


Vakw of Sesame Seed Exports from the A}fglo-E<jiiptian Sudan ^ 


Yoar. 


Value (£). 

1902 . 


4,977 

1903 . 


2,583 

1904 . 


522 

1905 


5,787 

190(5 


3,705 

1907 . 


19,7.3(5 

1908 . 


25,084 

1909 . 


153,0(5(5 


Value of Sesame Seed Exports from German, East Africa^ 


Year. 

11)04 

1905 

1900 

1907 

1908 

1909 

1910 


18,701 
10, 429 
5,058 
0,290 
9,050 
14,200 
10,590 


TJie (juautities exported from 1892 to 1897 were on the average 
21 tons only. 

The sesame oil industry has not been able to obtain a foothold in 
(Jreat Eritain, inasmuch as the liner (pialities of sesame oil obtained in 
the first ex])r(‘Ssion do not find so remunerative an outh'.t as they do 
in other cruintries ; in fact, the whole of the oil would have to bo disposed 
of as soap oil. 

The small amount of seed imported into this country is used in the 
manufacture of compound cake, the high proportion of oil in sesame 
seed helping to bring up the percentage of oil in the mixed meal to the 
legally prescribi^d amount. 


Since the admixture of sesame oil to margaiine has been made 
obbgatory in Germany, Austria, and Belgium, a considerable sesame 
oil industry has rajiidly sprung up in these countries. The figures for 
Germany 'and Austria are given in the following tables : — 

Ball. Imp. hist., 1911 2(58. 


[Table 
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Imports of Sesame Seed into Germany 


Year. 

'lt)tal. 

From 



Eusl llKilOS. 

Ciiina 

East 

Africa 

riie Jjevaiit 

Me\)co. 


Dniiblf' cwts 

Double c\v(s 

Double cwt.H 

Double ewts 

Double cuts 


1896 

232,530 

187,910 




28,570 


1897 

210,240 

186,740 




10,120 


1898 

312,330 

267,470 




24,520 


1899 

387,710 

364,180 




8,900 


1900 

296,370 

261,030 

14,410 

1131 

8,185 


1901 

358,700 

309,950 

14,930 

3945 

21,128 


1902 

498,180 

373,120 

91,560 

4.'' 

37 

11,228 


1903 

615,380 

427,160 

166,730 

2234 

3,612 


1904 

513,130 

469,960 

1.5,790 

5416 

16,252 


190.9 

464,892 

331,700 



. 



190(5 

573,810 

319,380 

202,300 



42,510 


1907 

668,2.50 

581,108 

47,510 



33,110 


1908 

729,690 


... 





1909 

779,400 

... 

... 





1910 

1,413,970 


... 



... 






Uei- 

I’oi tu- 







Hint) 

giiose. 



1911 

1,016,721 

331,297 

6.53,220 

8279 

4740 

nil 

nil 

1912 

992,818 

196,502 

759,385 

6587 

8835 

nil 

5635 


l)ni)0)ts of Scsfoiie Seed into Austria ^ 


^ ('a I. 

1900 

E lion's 
13.288,500 

1901 

15,439,900 

1902 

12,608,200 

1903 

31,793,300 

1904 

,36,767,400 

1905 

15,491,400 

1907 

19,520,100 

1908 

17,375,100 

1909 

42,802,000 

1910 

39,491,800 

1911 

42,199,700 


In the years 191,1 and 1912 (lennany imported 393 atid 280 tons 
of oil respectively from Belgium, and 388 and tons from France. 

Sesame seed belongs to tlie oleaginous seed which is rich in oil, hence 
it must be subjected to repeated expression. The proportion of oil varies 
from 50 to 57 per cent. From the following table, due to Sprinkmeyer 
and Wagner it would appear that African seed contains more oil than 
Indian, but a much more extended series of experiments is required to 

’ Op. also table p 210. 

- Zeds. f. Unters. d Nahrys- u. Ueumsin.y 190.^), x. 
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justify general conclusions. The table proves further the correctness 
of the general experience that ether extracts larger (piantities of oil 
from the seeds than does petroleum ether 


Extracted with 

Indian Sood. 

Levant Seed 

Afiicau Seed 

Ether . 

Pi'i rent. 

49 70 

I’cr cent 
50-14 

Tor cent. 
54-14 

Eetioleuni ether 

47-57 I 

47-57 

62-54 


Th(‘. lollowing ta})l(5 givi'S the pidcliral ifK'lds obtained on a large 
scale bv tin' ex])i'ession of seeds from various countiu's The seeds 
\v('i'e pri'ssi'd oiiei^ or t\vi(‘(‘ m the cohl, and then onei' in tlu‘ hot. 


Practical Yields from Pesam(^. Seed 


Doseiiptiiin ol Seeii j 

For cent. 

Lonih.iy bee<l, yellow or red 

11-15 

Loiiihay seei], higaiie 

12 11 

Levant seed 

17-18 

Chinese seed . . . . 1 

44-46 


Th(' oils of tlu'. first expression in the cold i(‘|)res('nt tlu* Ix'st (pialitios. 
The fiiu'st edibhi sesame oil is obtained from tlu'- Levant si'eds. 
Of th('S(^ the rlatfa district yields the best brand. Slightly inferior m 
Jhivoiir to th(‘. JalTa oil an^ those obtained from seial grown in Caifi’a, 
St Jean d'Acre, 'Tarsus, Smyrna, !\l(‘rsyna. Tin* oil from Ah'xandretta 
seeds represeiit/S a lowin’ gra,d(* st ill 'The 1 mlian s(>eds, inubrai mg cliietly 
those frmn Kurraclu'e and Bomhav, give oils of more un|)leasant 
flavour, ami an*, therefore not suitable for the he.sl Lmds of margarine. 
Ijower still as regards taste and flavour rank the oils from Chinesi'. 
and African seeds Tn (Jiina the seeds aie roast ml f)(‘for(‘ being ground 
and ('xpressed m wedge jiressi's. Owing to this process the oil becomes 
dark-coloured and ampiires a strong flavour of nuts 

The oils of second and third expression are used for manufacturing 
purposes, chiefly for soajMuaking. 

Th(', press cakes contain from 8 to 10 per cinit of oil , they form an 
excellent catth; food, and are largely in dinnaiid foi this purpose 
The average conpiosition of sesame cake is tlu' following - 


Oil liif 

14-63 

Moisture 

7-65 

I’rotcins 

30 14 

Aah 

1317 

Crude fibre 

4-83 

Carbohydrates . 

23 58 


10000 


’ Cp. Linseed cake, p, 511. 
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When the seed does not arrive in the sound state in which it is 
obtained at present almost regularly, the cakes resulting from such 
unsound seeds arc unsuitable ^ for feeding cattle, and are therefore 
extracted with solvents for the complete recovery of the oil. The 
extracted meal is then sold as a manure, greatly appreciated by the 
farmer on account of its fertilising properties! Bang ami Sanguinetti 
of Marseilles ^ devised a speiaal apparatus for the extraction of sesame 
seed with petroleum etlier. At present, damaged seed is extracted with 
carbon bisulphide. In 1903 about twenty thousand tons of press cakes 
were thus extracted in Marseilles, yielding about two thousand tons of 
oil. In 1905 only twelve thousand tons of cakes, yielding about one 
thousand tons of oil, were extracted. The oil so obtained is white or 
dirty grey. At the ordinary temperature some “ steariiie ” deposits, 
heni'C extracted sesame oil represents a more or less pasty mass. Owing 
to the damaged state of the seed the oil contains a notable proportion 
of free fatty acids. For the manufacture of mottled soaps the extracted 
oil can be used as such. If intended to be used as burning oil or for 
lubricating purposes, the free fatty acids must be first removed. 

Sesame oil contains, according to Farufifeiner, 12’1 per cent to 14*1 
per cent of solid acids ; Lave ^ obtained by the lead-salt-ether method 
78T per cent liquid fatty acids. These consist of oleic and linolic acids. 
Direct determination of linolic acid (by means of the linolic tetrabromide) 
gave lG-1, 15'2, and 12-6 per cent linolic acid. From the composition 
of 12T ])er cent solid acuds, ]5'8 per cent linolic acid, and 72T per cent 
of oleic acid, there would be calculated as the iodine value of the mixed 
fatty acids 93’6, whereas direct determination gave the mviui value of 
111. According to the above-given composition the licpiid fatty acids 
would consist of 82 per cent of oleic acid, and 18 ])er cent linolic acid. 
This would lead to 106-4 as the calculated iodine value of th(', liijiiid 
fatty acids, whereas direct determinations have given tlie mean figure 
of 133. Also this calculation (cp. Cotton 8(H‘d Oil) shows that the 
linolic tetrabromide has not been fully recovered. ]\Iore recent deter- 
minations of linolic acid carried out m the author’s laboiatory have been 
detailed (Vol. I. Chap. Vlll.). 

Sesame oil is dextro-rotatory, a pro])erty which may supply a useful 
additional means of identifying the oil. The numbers asciulained by 
Bishop have been given above (Vol. I. Chap. V.). (J(z^ found the 

rotations of three specimens of African, Indian, and Levant oils in a 
200 mm. tube at 15^" C. f 1-6°, + 1-4*^, and +0-8° respectively. Sjnink- 
meyer and Wagner confirm that the African oil has the highest rotation, 
whereas they find the lowest rotations in Indian oils. It should, how- 
ever, bo noted that only in the absence of castor,"T^oton, and rosin oils 
would the polarimetric observation be of any value. Tlie optical 
activity of the oil is no doubt due to the presence of phytosterol and 
sesamin (see below). 

^ Poisilily it is to sucli unsound seed that the poisonous properties of some sesame 
oils, noticed recently (No. 43 Ikilxncr Klinische Wochcusi hi if I, IDOh), mnst he aseriijed. 

An.stiiaii jiatent, .^ith .Inly 1883. 

- Journ. S(ir. (Ihnn. hid., 1901, 1083. 

Phitrni. Znt. 4f», 490 , Jvuni. Not. Chew. Ind , 1900, 914. 
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The amount of unsajionifiahle matter in sesame oil varies from 
0-95 per lent to 1-32 per cent. Tlie unsaponifiable matter contains 
phytostcrol, sesamin, and a ''red oil” (see below). The ])hyt()steiol 
was identified by the meltinj^ point of the crystals obtanu'd by crystal- 
lising^ it seven times from alcohol. Sicgfeld ^ thus ])r('])ared a jiliytosterol 
of the melting point 139-0 - 139-2° C. The ])hytosterol acetate obtained 
by melted at r28°-129° C. >S'm///cW prepared crystals meltinjj; 

at 130°-] 31° C. by recrystallisin^ the ai'etate seven times. Accordini; to 
Tocher ^ ^dacial acetic acid extracis from sesame oil two substances- 
(a) A resinous substance forming lon^ crystalline maalles (from 
alcoliol), meltiiii^^ at 118° C. From ultimate analyses and determinations 
of the moh'cular weight (by Raoidt's method in benzene and iicetii' 
acid) the formula was derived. This substance was named 

scsainrn. Sesamin does not give the liaudoiaii test (sei' below), but 
assumes a green and then a bright ntl colour with nitro-sulphiiric acid 
(tln^ colour reaction given by tlie U.S. Phaimacojio'ia for sesame oil). 

(h) A thick brown oil (of unknown composition) giving the char- 
acteristic colour reactions of sesame oil.’^ 

Villnrcccfria and Fainas ^ found that by extracting the oil itself with 
either acetic acid or alcohol the chromogenetic substance cannot be 
wliolly rmnovi'd. By converting the oil into baiiiim soap, and ex- 
tra! ting the latter with alcohol, they isolated from the alcoholic extract, 
after evaporating oil tlie alcohol, and dissolving the residue in ])etroleum 
ether, three substances — 

1. An alcohol of the melting point 137° C, and rotatory jiower 

-~3f° 23' (for 0^-3 013) This alcohol is doubtless sitosterol ; 
it is not accompanied by stigmasterol {Klanirolh 

2. Fine crystals Jiavmg the formula (f melting at 

123° 0. ( V'llIaveccJna and Fahrts) ; according to Bonier and U tlnur 
formula is and they melt at 122 5° (!. The rotatory ])ower 

isfulij -^ . 08-3(1 (for c = 21-'15) in chloroformic solution. This substance 
was ternnal sesamin by V lUacecchui and Fabris It is ap])arently 
identical with Tocher's sesamin theory reijuii-i'S for 

CiglligOs, C = 08-79 per cent, H-5-73, and for C- 08-75, 

H = 0-25, and for 0- 07-54 per cent, 11 -5-] 7 per cent. 

Tocher found (by Raoulf’s method) the molecular weiglit of sesamin 
311 (in benzene) and 312 (in acetic acid). Villavccchia and Fahns^' 
obtained (liy RaoulCs method) the molecular weight 350 (in benzene), 
the formula (0jjHj2O3)2 demanding 384 ; Bomcr and llOa/cr’.s- jiroposed 
formula O.^gllgoGjo leads to a molecular W(‘,ight of 58(5. S('samin is 
sparingly soluble m ether and can thus be separated from cliolesterol.^ 

3. A thick, rwifcrystallisable oil, free from nitrogen. This oil 

' Zcd.’i.f. Unters. (f. NahufS- s. (Henns^iv., 1001, r)H5 
lOtaim. Jouni. and Traius., 1891,6110 ; 1808, 700. 

^ Merklmg’s {Jonru. Sor, (Viein.Jnd., 1888, 40) stiilcnieiit tlial it is the glacial acetic 
acid e\tiaet which gives the cliaracteri.stic colour reaction ol sesanir cul niiot theictoie be 
corrected. 

• J(no)i. Sac. (liniK Ind.^ 1891, 60. 

Klainroth, })i(ni(/. DisM’ii , Munich, 1011. 

'* Annah del Lab. Clum. ddh dab., 1897 (m,), L>2 
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contains the substance minute quantities of which produce the char- 
acteristic colour reaction with sugar and hydrochloric acid (see below) ; 
this oil seems to be identical with Tochers substance (b). It should 
be noted that the chromogenetic substance entirely passes into the 
li(|uid fatty acids, if the latter be prepared by the lead-salt-cther method, 
in contradistinction to those olive oils (see below) whicli simulate 
sesame oil in the Baudouin test (Tortelli and Ruggeri ^). 

The last-mentioned colour reaction is extremely characteristic of 
sesame oil, so that it can thereby be detected with certainty in mixtures 
with other oils. This test, due to Camoin — generally, however, known 
as the Baudouin reaction — is the only colour reaction whi(‘h has hitlierto 
been found absolutely reliable in the examination of natural oils and 
fats.^ It is all tlie more valuable as the chromogenetic substance is not 
destroyed by heating the oil to 250° C. for twenty minutes (Tortelli, and 
Ruggeri). Nor can it be removed by filtering the oil over charcoal, as 
.the autlior has ascertained by special experiment. On reducing 
sesame oil with hydrogen in the presence of a catalyst, the chromo- 
genetic substance is frecpiently affected (cp. Vol. I. Chap. VII. p 497). 

Baudouin s test is usually carried out in the form recommended 
by Villaveechia and Fahris : — Dissolve O-I grm. of sugar in 10 c.c. of 
hydrochloric acid of spec. grav. 1-19 in a test-tube, add 20 c.c. of the 
oil, shake thoroughly for one minute and allow to stand. The a({ueous 
solution separates almost immediately ; in the presence of evcui the 
smallest quantity of natural sesame oil it will be found coloured crimson. 

V lUaveccha and Fahris attribute the cJiromatic reaction to tlic 
agency of hivulose, or of substances produced by tlie action of liydro- 
chloric acid on the latter ; therefore glucose, maltose, and galactose 
cannot be used in place of saccharose. The main product of the 
interaction of levulose and hydrochloric acid being furfural, the latter 
can accordingly be substituted for the mixture of sugar and hydro- 
chloric acid. Inasmuch as furfural itself gives a violet tint with hydro- 
chloric acid, it is necessary to use a dilute solution ; it has been found 
best to em])loy a 2 per cent alcoholic solution of furfural. The moditied 
test is carried out in one of the following two forms 

(a) Place 0-1 c.c. of a 2 per cent furfural solution in a test-tube, 
add 10 c.c. of tlie oil, and 10 c c. of hydrocliloric acid of spec. grav. 
1-19, shake the mixture for half a minute and allow to settle. In the 
presence of sesame oil, even if it be less than 1 per cent, the aqueous 
layer will ac([uire a distinct crimson colour. In the absence of si^same 
oil the lower layer is either colourless, or has at n^r^, as in the case of 
a very rancid though pure olive od, a dirty yellow colour. 

(h) Mix, as above, 0*1 c.c. of the alcoholic furfural solution with 
10 c.c. of the oil, and add 1 c.c. only of hydrochloric acid, agitate 
thoroughly and induce separation by addition of 10 c.c. of chloroform, 
when the aqueous layer will float on the top. Even less than 1 per 

1 (W Zeit., 1898, 601. 

''' With regard to the detection of sesame oil in edible fats in the presence of “butter 
colours “ by means of this reaction see “ Butterfat.” 
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cent of sesame oil is indicated by the crimson colouration of the aqueous 
layer. 

In comparative tests it is important to use little furfural and strong 
hydrochloric acid. 

These two methods have been tried with a large number of olive 
and arachis oils obtained from various localities, and further rape 
(colza), cotton seed, linseed, walnut, poppy seed, neat’s foot, blubber, 
and fish oils, and their complete reliability has been confirmed.^ With 
regard to olive oils it should be noted that some Tunisian, Algiuiaii, 
and Portuguese olive oils from Douro (Doniergue, Bwker, Ferreira da 
Silra), as also some Italian olive oils {Lalande and Taudnm) from the 
province of Bari, Brindisi, and Lec.ce, give a colour reaction which may 
create a doubt. In such cases Milhau relies on the colour test given 
by the fatty acids. Also Tortelli and Rnggen ^ recommend to test“ 
the licjuid fatty acids, since the (“hromogenetic substani'c of such 
abnormal olive oils does not pass into the liquid fatty acids. Thus, 
distinction between such olive oils and olive oils adulterated with 
sesame oils is rendered feasible. 

Hitherto the author has not met with a sample of sesame oil that 
failed to give the Baadomn reactions, although his exjierience with 
sesiime oil extends over a large number of years and embraces all 
commercial varieties of sesam6 oils, both of edible and of commercial 
quality. 

It may, however, be pointed out that Faitfieil^ failed to obtain 
the colour reaction with a sesame oil extracted by means of chloroform 
from sesame cake, and that Weigmann^ and also Boltsien^ met with 
similar failure in the case of rancid sesame oil. The same exceptional 
observation has been made by- Lauffs and llomann.*^ Curiously 
enough the last-mentioned observers did obtain the Baudouin reaction 
on adding caitton seed oil ; hence their statement reijub’cs revision.'^ 

It should be pointed out that some colouring matters which are 
used legitimately for colouring butter and margarine give with hydro- 
chloric a(ud alone a reaction similar to that olitained m the Baudouin 
test. This is of special importam^e for the detection of sesame oil in 
margarine, and in butter adulterated with margarine (‘ontaining 
sesame oil. Some of these colouring matters can be readily removed 
by washing the fat with hydi'ochloric acid ; others, however, require 
so persistent and repeated a treatment with hydrochloric acid that 
finally the chromogenetic substance in sesame oil is destroyed and 
the furfural test cannot be obtained, even if sesame oil be present (cp. 
Cha]). XIV. “ Butter Fat ”). 

To meet such noses the Soltsien test — colouration on treating with 


^ Further coiifiniiation is given hy Wautert., Journ. Soc, Chem, hul., 1896, 186. 

“ (>heni. Zed., 1898, 001. 

■* Zeds f augav. Chem., 1898, 730. 

Zeds./. Unters. d. Nahigs- u. Genussm., 1901, 131. 

Knd., 1906, xii. 

“ Ckem. Zed., 1907, 1023. 

Cp. Spnnknieyer, Zeits. f. Unlers. d Nahrgs- u. Genussm., 1908 (xv.), 21. 
Kreis, Chein. ZeiL, 1908, 87. Utz, Chein. Rerue, 1908, 112. 
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Beitendorff's reagent ^ — has been recommended. As this test is pre- 
scribed officially in Germany it may be given here. According to the 
official directions ^ 5 c.c. of the sample are dissolved in a test tube in 
10 c.c. of petroleum etlier and 2-5 c.c. of a strongly fuming stannous 
chloride solution.^ The mixture is thoroughly shaken, so that a homo- 
geneous mixture results, but not longer, and immersed in water of 
40"" C. After the stannous chloride solution has separated out, the 
test tube is placed in water at (S0° C. in such a manner that only the 
stannous chloride solution becomes warm and the petroleum ether 
layer does not commence to boil. In the presence of sesame oil the 
stannous chloride solution is stated to show after warming for 3 minutes 
a distinct red colouration. 

The author is unable to recommend this test and may add that 
if applied to rancid sesame oil it always fails. Moreover, fat extracted 
from cakes, etc., ])re])ared with pure butter, always furnishes a red 
colouration ^ This experience agr(‘.es with the view that thi'. chromo- 
genotic substance producing the Baudouin test is not identical with 
the substance acting in stannous chloride. 

Considering the ridiability of the Bandoain reaction, all “ modifi- 
cations,” and other colour reactions that have been proposed and arc 
still being pro[)osed, are of no importance. Therefore they are omitted 
in this treatise.^ 

Kreis ^ detected in sesame oil a new substam'e, which he considers 
to be a jiheuol, as it combined with diazo compounds ; heiu'c it was 
termed “ sesamol.” According to Malagnnii and Annnnne'^ sesamol 
does not occur in the free stat(‘ in sesame oil, but as a complex body 
from which ” sesamol ” is set free on adding a mimuail acid. 

The drying power of se.same oil is much less pronounced tlian that 
of cotton s('ed oil. in the Livachc test, after seven days only 2 i piT 
cent of oxggen were absorbed; under the same conditions tin' laity 
acids absorbed 2 per cent of oxygen after eight days. 

In the elaidin test sesame oil becomes red after a short time, and 

^ With legard to tlii'i test see Toleiiske, vl /i. a. d Kais. (k’sinidhvitsaint, 11)0.5, 570 ; 
Sprinkiiu‘yei iind Wagner, Zcib, f. Untfrs. (L Xahiys- n. <n'nuss)ti.., IDO.'), \. d4S , 
t'liiidler, (jhi'm. linuir, lOOT), 10, Solt.sieii, Cheiit. J{evu(\ IhOd, ld8 ; (lerhci, Zcih, C 
Ciders, d. Nahitj'^- n. Cniitss-in., 1907, .xiii. (>7. 

“ Kiitvvucrle /u K(>stset/uiigeii neher Lel)eiismittel,” hei.iusgagehon \oni Koiserl. 
Cfsnndhrdsainl, Heft ‘2 , Speiselette uiid Spei.seoele, Ueilin, 1912. 

^ The .stiuiiioii.s ehlori le .solutionis piepaied by mixing 5 jiaits of en .stalliiie stiuiiiou.s 
chloride with 1 pint (bv weight) of hyiirochloric acid and .sgturjUmg coni jiletely with dry 
hydrochloric acid, allowing to sejMiate, filtering thiongh asbest^and keeping in ,'?inall 
,sto[)[)eicd bottles winch .should be kept completely tilled. 

E. llofstadter, Znts. f. (Inters, d. Nahrqs- u. Cenussm., 1909, ivii. 430. 

Gp. 2ml ed. of this woik, p]). 391, 392. Bellier, Ann. elnm. an<dyl. «tipliq.^ 
1899, 217. Homer, Zeds f. Unters. d Nnhrifs- u. Genussnt., 1899, 70.5. Hreiiil, 
Chein. Zed., 1899, 017 ; Vaudeveldo, Jhdl. de V As.s. Behje^ 1900, May. Kieis, (Iiem. 
Zed., 1902, 101 1; 1903, 310, 10.30. Tambon, Jnurn. Chariii et (dam., 1901, ,57. 
Utz, ('hem. Herne, 1902, 177 ; Jnnrn. Hoe. Chein. Ind., 1902, 1190. G. Flcig, lind. 
Sue. ('him de Fiance, 1908, 984. M. Labat, Hid/. Sue. Fharni. Hnrdeitii.e, 1908 (July). 

" Chem. Zed., 1903, 1030. ’ Ilnd., 1907, 885. 
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ac(|uires a dirty reddish brown colour, yielding even after only twenty- 
four hours’ standing a semi-fluid elaidin. 

By reduction with hydrogen in the presence of a catalyst sesame 
oil is converted into a hard fat of any desired iodine value according 
to the treatment (see “ Hydrogenised'Fats,” “ Hardened Fats,” Vol. 
III. Cha]). XV.). 

Paal and Roth ^ obtained by catalytic reduction with jialladnim a 
slightly yellowish brittle mass conglutinating at 59" C. and nuBing at 
09" C., which absorbed 4-2 per cent of iodine This product gave the 
Baudouin reaction only very faintly. On reducing the ])roduct of the 
iodine value 4-2 for a second time a product melting at ()5°-()9" C and 
absorbing 2 per cent of iodine was obtained. The Baudouin rc'action 
was fainter still tlian that of the reduced product whicli absorbed 4-2 
per cent of iodine. After keeping tlie solid fat of the iodine value 2 
for 8 months the Baudouin reaction had become more intense although 
it did not reach th(‘. intensity of the original oil. 

The cold-drawn sesame oil is largely used as an edibles oil, notably 
in the manufacture of margarine. Since small (piantities of sesame 
oil arc easily revealed by the Baudouin test, it has beeii-made obligatory 
in (Germany and Austria to use at least ten ])arts of si'same oil in tlie 
manufacture of margarine for 100 parts of fatty matters (cp. “ Mar- 
gaiiue,” Vol. 111. Chap. XV.). Tii Belgium 5 ])er cent are ]}rescribed. 
TIic finest sesame oils are consumed as table oils ; small (piantities of 
this class of oil are used in the ])roduction of perfumes enfleurage ”). 
Sesame oil finds employment in perfumery (for the extraction of 
balsam of Peru, sandalwood, etc.). 

Th(i best cold-drawn oil being rather high m price, adulteration 
of tJie Ix'st (pialities with poppy seed oil, cotton s(‘ed oil, and aracliis 
oil is not infreepumt. Tlie sesanu^ oils of second and thii’d expression 
are fretpiently adulterated with rape oil. 

Po}}j);i seed od is detected by a higher iodine value than the noi inal 
one. Foi ihe detection of cotton .seed oil the melting and solidifying 
points of tlie fatty acids sliould be determiiu'd. The iodine value of 
an Oil suspected of being adulterated with cotton seed oil would not 
afford certainty. The iodine value of the lupud fatty acids, as also 
the det(‘rmination of the tetrabromide, carried out under the conditions 
described in Vol. I. Chap. Vlll., would furnish more reliable data As 
confirmatory tests, tlie colour reactions of cotton s(‘ed oil diiscribed 
above should be resorted to. 

Aracliis oil is detected by the isolation of arachidi(‘ acid. Tlie 
addition of aracliis oil would lower the specific gravity of the samjile. 

The presence oi^xape oil would be ascertained by a low specific 
gravity of tlie sample, low solidifying and melting points of the fatty 
acids, and notably a low saponification value. In im|)ortant cases 
the detex'tion of belienic acid obtained by catalytic reduction of erucic 
acid would be reipiired (see Vol. I. Chap. Vlll. ]). 553). 

SesaiiK' oil is in its turn used as an adulterant of fatty oils, notably 
oi poppy seed oil. Admixture of sesame oil with other oils is, liowever, 
1 Beiichte, 1909, Iti.'iO. 
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little practised, since the detection of the smallest quantity of sesame 
oil is rendered easy by the Baudouin test. 

The lower qualities of sesame oil find a large outlet for soap-making 
in the south of Europe and are especially used in the manufacture of 
the Marseilles mottled soap (cp. VoL III. “ Soap Manufacture ”) ; they 
are also used as burning oil and for making india-rubber substitutes. 
A speciality of the Marseilles trade is the employment of oil extracted 
from damaged seeds with carbon bisulphide ^ in the soap industry. 
Such extracted oil is now being exported to Germany. 


BASSWOOD OIL ^ 

French — Iluile de hois de tilkul. German — LtndenholzoL 
Italian — Olio di legno di tigho. 

This oil is obtained from basswood (Tilia americmia, L.) (a tree 
widely distributed in America from Virginia to the Alleghany mountains, 
in Georgia, Nebraska, and Kansas) by extracting the rasped wood with 
ether. 


Phi/sical and CheniM Charademfics of Basswood Oil 


Specille Gravity 

At IV’ G 

(Wat 01 l.VG.-l) 

Solldilymg Point 

Saponitlo Value. 

Mkiiiis KOH. 

lodino Value 

*C. 

Per cent 

0-938 

-10 

17S-1 

111 


The seeds from Tilia j)arvifolia ( - Tilia cordala, Mull.) yield an oil, 
the characteristics of which will be given below in the table headed 
“ Lesser known semi-dry ing-oils.” 


LEMON PIPS OIL 

French - Iluile de pepins de citrons. German — CilronenkernoL 
Italian — Oho di semi del kmone. 

Lemon pips oil is obtained as a pale yellow oil h»(«ing a bland flavour 
recalling that of almond oil, by extraction of dried and ground lemon 
pips with solvents. 

A specimen examined by Peters and Frerichs had the saponification 

^ Bouton X, Les M allures (ira'^ses, 1910, 1857. 

“ Woichmmiii, Journ. Sor. Cliem. Jnd., 1895, 665. 

^ W. I’etcrs and G. Frerichs, Arch. d. Pliann., 1902 [240J, 659, Jovrn, ^Huc. Chevi. 
lad., 1903, 102. 
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value 188-4 and the iodine value 100-2. The acetyl value of the sample 
is given as 13-65. 

The fatty acids are stated to consist of palmitic, stearic, oleic, and 
linolic acids. 


LUFFA SEED OIL, LOOFAH SEED OIL 

French— de Itijfa. German — Schwaiiinikdfbiskcniol. 
Italian — Oho di lujja. 


Physical and Chemical Characteristics of Luffa Oil 


Si^oilic 

(iravii,\ 

Sapointk’.i- 
tiou N.iliif 

l()(i)iii‘ 

\!lllU‘ 

IU*H lll'l t- 
' \lcissl\ahu- 

Hcliactoc lti(lc\ 


! ' ■ 


■ 


; - 

— 

1 nsoluiili' 

A< i.is 1 1 11 

; ()l)s('i\i‘i. 

At \:> Ti c 

Mkiiiis 

KOII 


ICC ' 1101 III 

UntiK.- 

-..ipoiilialilc 


(WiltlT .ll ITj '< 

- 1) 

Pci lent 

I m')11 

icti.K tomctoi 
- - 


; 

0 0254 

1 87 80 

108 51 

1 43 

02 0 at 40 

04 8 

' Ciossley and 







i Le Sueur ^ 

0 021-0 020 

10.3-105 8 


0 40-0 52 


!l3-8 

' 1) lloojx'r “ 


This oil is expressed in East India from the seeds of Lnjfa ayyptiaca^ 
Mill., and is used hy the natives as an edible oil. Small quantities of 
the seeds are exported from Dritish Nigeria.'^ 

The oil examined by (b'os.dey and Le t^mmr was reddish brown in 
colour and had a slight odour. Titer test of tin; fatty acids, 31 ”-35'" C. 
(I). Hooper). 


MYRTLE SEED OIL ' 

French — Jluile des semeiices de iiiyite. German Myiteiisamciiol. 
Italian- G/m dt semi di miito. 

The seeds of the common myrtle, Miplas eommuius, L., contain 
12-15 per cent of a fatty oil of charac-teiistic taste and pleasant odour. 
The following characteristics have been asdutaincd - 


Speciti(! gravity at 15" l'. . . . 0 0241 

Saponification value . . . lOi) 8 

Iodine valu'- ... . 107 5 

Keichcrt-Meissl value . . . f) 05 

Inisolublo fatty aeids l unsaponifiahle . . 05- fl pei cent 

Maunieu6 test in Tortelli’.s tliennoleomcTer . 30'’ (!. 


' .hnint. Soc. (Viein. Jinl , 1898, 991. 

' Anuxdl lii'fioit, liiduiii 1907 lifOS, p. 15. 

'* JUUidi Nufi’iiu, hy F, A Mueklci Fuiiyiuan, p. 318. 

^ Scmti aiul Pei\uho,sco, Ctnm. Hat., 1907 (37), i. 183. 
VOL. 1 1 
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The saponification value appears to be very low in view of the high 
Reichert- Meissl value. The number given for the Maumene test would 
also appear too low, considering the high iodine value, whereas olive 
oil (iodine value 83) indicates in Tortelli’s tlierni oleometer a rise in 
temperature of 44° C. 

An examination of tlic fatty acids showed that the oil contains 
the glycerides of myristic, palmitic, olei(*, and linolie acids. No stearic 
acid was found by Ilehter and Mifchdl’s method. 


PECAN OIL, PACC’AN OIL 

This oil is contained in the nuts of Jw/lans nigra, L., a tree largely 
cultivated in Nortli America. The kernels form 47 ])er cent of the 
nuts and contain 704 per cent of a light straw-coloured oil, having a 
pleasant ])ecan odour and taste. 

The oil exti'acted with ether gave the following cliaracteristics : ’— 


Specific gravity 15/15° C. 

0 91S4 

Sa])onification value 

198-0 

Iodine value (Hubrs iindhod) . 

10(i 0 

Reichert-Meis.sl value 

2-2 

Insoluble fatty acids + unsaponiliable . 

1)3-4 


SPINDLE TREE OIL 


French — Huile de bonnet de vrHrc. (lerman- 

--KfajfcuhatchenoJ, 

SpdlfmmioL Italian- Oho di fasaggine. 

Kochs ^ obtained from the arillus and tlie seeds of the s])mdle trei'. 

{Econymus europmi, L.), 35-2 per cent of a bright reddish-brown oil. 

This deep colour is due to the colouring matter 

of the arillus having 

been extracted. Tlie acid value of the specimen 

examined liy Kochs 

was 84 and the unsaponifiable matter was very liigli. The oil had the 

following characteristics : — 


Oih- 


Specific gravity at 15° C. . 

0 9390 

Solidifying point .... 

- 10° (;. 

Saponification value 

230-1 

lleichcrt-MeisHl value .... 

35 31 

Butyro-refractoinotor “ degrce.s ” at 40" (’. . 

52 

Unsaponifiable matter .... 

5 83 pi-r cent 

Fatty Acids — 


Molting point — commences to melt at 

38° ('. 

„ „ completely melted at 

70° C. 

Iodine value .... 

105-3 

Neutralisation value .... 

223-0 


^ A. C, Deiler and (1. S. Traps, Ame.r. Chrm. Juinih, 1910 (4!1), 90. 
“ Jahrtsh. d. Versuchs. d. k (JartuerlehransL, Dahlein, 1906-1907. 
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The exceedingly high saponification and Reichert-Meissl values 
would seem to confirm the statement (Vol. I. Chap. HI.) thajb the oil 
contains acetic acid in the form of triacetin. In view of the extra- 
ordinarily high saponification and Reidieii-Meml values, which suggest 
the employment of this oil as a butter adulterant, a more exhaustive 
examination of the oil is required. 

For the oil from Evonymns verrucom c]). “ Lesser known semi- 
drying oils,” table facing p. 238. 


ANIS SEED OIL ^ 

French -Iluile de yraine d'miis. (lerman — Anmuinowl. 

Italian — Oho di soni d> an ice. 

This oil IS obtained from the seeds of Piiu/pinella amsinn, L., after 
the ethereal oil has been driven off. The setnls contain over 25 per 
cent of a fatty oil, which has a slight odour resembling that of henbane 
seed Oil. The fatty acids yield on oxidation tetrahydrovystearic acid 
(sativic acid). The oil absorbs 2*7 per cent oxygen (determined by 
Li cache's method) in three days. The specimen of oil examined by 
Denjanow and ZypljanJiOw ^ had the acid value (v3. 

'riie following characteristics were determined : — 


Oil — Specific gravity at 15° C. . 0'924 

Sa})ouification value . I78'3 

lodmo value . . 105-3 

Fully acids — Solidifying jioint . . 0° C. 

Iodine value . . 07‘3 (?) 


CROTON OIL 

French — Iluile de croton. German- Oroionol. 

Italian — Oho di crolontigho. 

For tables of characteristics see p. 229. 

Croton oil is obtained from the seeds of Croton Tujlium, L., a tree 
belonging to the EuphorhiaceiE, indigenous to the Malabar coast, and 
cultivated in Southern Asia and China. The seeds contain 53-56 per 
cent of oil.^ 

The oil has an amber-yellow, or orange, or brown colour according 
to its age, has a nauseous odour, a burning taste, and acts as a very 
powerful purgative. In pharmacy it is known as Oleum crotonis. 
According to Robert ^ there are some kinds of croton oil in commerce 

^ Jo urn. Fuss. Phys. Chcvi. Ges., 1905, 624. 

“ With regard to tlio occiirreiico of an eiizymo in croton seeds cp. Heurti and 
Paiio/,/ani, Gar.z. C/iim. Jtal., 1907 (37), 486. 

Chein. Zeit., 1887, 416. 
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that are miscible with alcohol in every proportion. This statement, 
however, only holds ^ood of those oils that have been extracted from 
the seeds with alcohol. Accordin^^ to Javillier ^ oil obtained by expres- 
sion or by extraction is only miscible with absolute alcohol if less than 
one volunu^ be used ; on mixing ccpial volumes of oil and absolute 
alcohol turbidity sets in, and with more alcohol complete separation 
into two layers tak(‘s place, whereas oil extracted with alcohol is soluble 
in absolute alcohol in every proportion. 

The author examined three specimens of croton oil prepared for 
pharmaceutical purposes by reliable firms. One volume of oil was 
shaken up with three and a half volumes of absolute alcohol. After 
separation into two layers had taken place, the amount of oil dissolved 
by the alcohol w\as determined quantitatively. The alcohol had 
dissolved from the three samples — 24*4 per cent, 25-5 per cent, and 
53-4 per cent res])cc(ively. The respective specific gravities of the 
oils were 0-9428, 0-9418, 0-9375. Hence i-roton oil can no longer be 
classed together with castor oil, and the comparative great solubility 
of the oil in absolute alcohol must be ascribed to the large proportion 
of glycerides of volatile fatty ai-ids. The larger the proportion of free 
fatty acids the greater will be the solubility of the oil in absolute alcohol. 
Thus the above-inenttoned specimen, of which 24-4 per cent dissolved 
in alcohol, contained 7-9 ])er cent free fatty acids. 

Croton oil further differs from castor oil by its solubility in petroleum 
other in all proportions. 

The chemical composition of croton oil differs so widely from that 
of all other oils that its recognition by means of the (quantitative re- 
actions is easy. 

Croton oil is strongly dextro-rotatory {Peter It is stated to 
contain the following fatty acids : — Stearic, palmitic, myristic, lauric, 
valeric (isobutyl formic), butyric, acetic, formic-, oleic, linolic,^ and 
tiglic. On standing, croton oil deposits some “ stearine.” “ Croton- 
oleic acid,” said to constitute the jnirgative princi])le of the oil, and 
described as a non-volatihg nnsatnrated fatty acid, differing from oleic 
acid in that its barium salt was soluble in alcohol, is, according to 
Danstan and Bole,^ a resinous substance possessing a strong vesicating 
action.^ Two sanqiles examined by Leivl'owiiseh ^ had iJie true acetyl 
values 19-82 and 32-66 respectively. The qn-oportion of iinsaponifiable 
matter in several sj)e(-imens amounted to 0-55 qier cent. 

Croton oil has weak drying powers ; it thickens somewhat on 
exposure to air. It yields no solid qiroduct in the elaidm test. 

' Joarn. Pliarm. Chun. [6], 7, 521. 

- C[). also Uaku.sm, Chem. XeiL, 1906, 143. 

’ C}). Fnkiii, .fourth. Huhh ]^lii/'..-Chnth. Soc.^ 1907 (39), 607. 

.fount. Sor. Chem lad., 1895, 985. 

Its ciiipiiu-al lormula is ; it is a hard, [lale yellow, hrillle resiii, iieaily 

iiisolulde in water, petroleum etliei, :uid benzene, but easily solulilo in alcohol, ether, and 
(ihloroforni. Gn lieatin}; it .softens gradually, and is rpiite thud at 90' C. It has neithei 
acid nor basic jiiopeitics ; it is decomposed by boiling with alkalis, yielding a iinxtiire of 
acni.s, and lose.s theieby its vesicating ju’opcities. This seeni.s to point to thi,s substance 
being a lactone oi an anhydride. 

Aiudyd, 1899, 319 
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By hydrogcnising a specimen of croton oil of the iodine value 99*8, 
Pad and Roth's method (see VoL 1. p. 59 ; in aqueous emulsion 
prepared with the aid of gum-arabic) a solid product was obtained, 
which conglutinated at W C., melted at 44°-48° C., and had the iodine 
value 4-8. On furtlier treatment a solid fat melting at 49°-5r C. was 
obtained, which no longer absorbed iodine. The solubility in alcohol 
was somewhat less than that of the original oil, ajid the burning taste 
of croton oil was no longer noticeable. The specific physiological 
action of croton oil entirely disappeared in the hydrogenised fat.^ 
Owing to the slight similarity between croton oil and castor oil, 
adulteration of croton oil with castor oil has occurred. Castor oil 
in croton oil would increase the specific- gravity, lower the iodine value, 
and raise the acetyl value considerably. 


ZACHUN OIL, BETU OIL 

French — Iluile de Zackun. German — Zachu7wL 
Italian— 0/io di Zachnne. 

This oil is obtained from the seeds of Balanites (rgyptiaca, Delile, 
a tree found in northern tropical Africa, India, and Burrnah. 

The fruit, which is at first green, becacmes red on ripening, and 
in its dry state somewhat resembles a date. It consists of a thin, 
brittle shell, enclosing a fleshy mass of gummy consistence which 
firmly adheres to the hard stone ; the latter furnishes the keinels. The 
kernels contain 49-64 per cent (Siizzi '^) to 41-2 per cent (Milhau of 
fatty matter. A specimen of seeds collected from Gliinda in Erythrea 
(Italian African colony), gave the following characteristics {Snzzi) : — 


Oil — 


Specific gravity at 15° 

. 0-9200 

Solidifying point 

. - 0° to 5° 

Saponification value . 

104-1 

Iodine value . 

105-0 

Maumen<3 test 

75-5° C. 

Fatty Acids — 

Solidifying point 

. 32°-30 6° 

Melting point 

34-5°-37° 

Neutralisation number 

. 200-0 

Saponification value . 

. 201-G 

Mean molecular weight 

. ' . 278-2 


The samples contained 0-48 per cent free fatty acids (as oleic acid). 
The oil gave neither the Ual 2 )hen nor the Baudouin reactions. 

In the Egy]3tian Sudan the fruit is known as “ Heglig ” ; tlie oil 

' Jknr/de, 1909, 1546. 

I semi oleosi e [jlt Oli. Published for the Milan K.xhibitlon, 1906. 
AnnaiUure imdKiuc des rays Oliauds, 1904, No. 16. 
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is highly prized by tlie natives. The following cliaractoristies are gfven 
by the (lordon Memorial College : 


Specific gravity at 100°/100‘’ C. . . 0-881f) 

Melting point . . . . 8° (’. 

Saponification value . 18()-5 

Iodine value . . . . 99-2 


A specimen of oil from Nigerian seeds, ^ yielding 58-7 per cent of oil, 


gave the following numbers : — 

Oil- 

Sjiecific gravity at liV Ct . 0-9 19 

Saponification valui* 196-7 

Iodine value . • 92 5 

Unsaponifiable matter . . 0 6 per cent 

Fait If A ads — 

InHoluble acids I unsaiionifiable . . 95-2 per cent 

d’ltcr test .... 34-6'^ C. 


Ill German Ihist Africa the fruits are known as Mkonga fruits. 
Specimens from Morogoro yielded 8-8 jier cent of see.ds containing liom 
30-7 to 33 9 per cent of oil (MorMt'^). The oil obtained from tlie 
Mkonga semis liad the following chaiacters (Ai iwld '^):-— 

SiK'cific gravity at 16° C. 0-9173 

Saponification value 195-6 

lodnu^ value . 77-2 

A new oil-yieldmg tree, Bahitiilfs Mdixfliannf, which is indigenous 
to Portuguese Past Africa, ])rodu(-es nuts containing about bO per 
cent of an oil said to rimenible olive oil 


CURCAS OIL, PURCINC NUT OIL, PHYSIC NUT OIL 

Frencii — Huile de pujnon delude, de puhjhac, de punjhnc, de medicinier. 
German — Curcasol. Italian — Olio di cureas. 

For tables of characteristics see p. 233. 

Giircas oil {Oleum injeniale) is obtained from the seeds of Jalropha 
Curcas, L. (purging nut), by hot pressing. The plant is cultivated 
in tropical America and in all Portuguese colonii'S, cJiiefly in the Cajie 
Verd islands.^ In Reunion tlie plant is cultivated as a support of the 
vanilla plant. (The bark of the plant is covered with a wax which is 
most likely pure myriiyl melissato (melissyl melissat(^), J. Sack.) 
The seeds consist of 66 per cent of kernels and 31 per cent of husks. 

1 1908 , 412 . 

^ Jiidl. hup. hi.st,, 1908, 365. 
her Pfia/rj’r, 1910, 121. 

/eihchr J Unten. d. Naimjn- u. (ieuus.wi., 1912, xxui. 391. 

T. A. Sprague, Kew Hull., 1913, iv. 131, 

** Klein, ^ci^sc/n-. /. angew. Clienu, 1898, 1012. 
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ThI! kernels yield on extraction with ether 52 per cent of oil, hence 
the oil in the wliolc seeds amounts to 34*3 per cent. The fresh oil has 
a pale colour, but becomes yellow with a reddish tint on exposure to 
the air. Its unpleasant odour is characteristic, and may serve to 
distinguish curcas oil from other oils ; it is fiirtlier characterised by its 
strong purgative properties, whicli arc much more pronounced than 
those of castor oil. 

The acid values of commercial sam])les were found by LcwJcowiisch 
and ArefthuU 8*5 and 0-7 resjiectively. Klein obtained values varying 
from 0-57 to T9(). Tiie jiroportion of unsapoiuhable inattm- in the oil 
is 0-5 to 0-58 per cent (Jjewkou'itach ; Klein). The acetyl value found 
was 8-4 {Leivkouulsch) and 9-8 (Arelibull). 1(K) parts of absolute 
alcohol dissolve at 1 5-5'^ C. about 2*17 volumes of oil (AreJihnit). The 
oil is insolubli! in cold glacial acetic acid, but dissolves in the hot solvent. 

On standing at a teiipieratiire of about 12° C. a small (quantity of 
solid glycerides scjiarate. According to Klein curcas oil yields about 

10 ])er cent of solid fatty acids (melting at 57-5° C , and solidifying at 
53-5° C.) ; the li(|uid fatty acids consist of about eapial jiroportions 
of oleic and linolic acids as ascertained by the relative (jiiantities of 
their oxidation products, viz. dihydroxystearic and tetrahydroxystearic 
acids. The (‘xisteiu'c of isocetic acid (Vol J Chap. 111.), stated by 
Bo}iis to occur in curcas oil, is doubtful. 

The oil IS used in Portugal for soa])-nuiking, as an illuniinant, and 
as a iubri(‘ating oil : it can, however, hardly be considered suitable for 
the last-named ])ur])ose, as the oil dries in about 21 hours (cotton seed 

011 drying under the same conditions m 18-20 hours, and good rajie oil 
in 18 hours, Archl)}(tl). 

The seeds of Jafropha olujamha, Mull, yield about- 31 *5 ])er cent 
of a fatty oil of the specific gravity at bC C. 0 910, having purging 
properties. 

The seeds of Jalivpha mnllijida, L., yndd 28-5 ])er cent of a fatty 
oil of the specific gravity 0-9J8 at 2-5" (I. 

The seeds of Jalroplin innhnjnlensis obtained from the south of 
Madagascar contain (K) ])er cent of a fatty oil of a yellowish (‘olour and 
slight fluorescence. II. Biniar ^ ascertained the following character- 
istics : — 


Od— 

8]>ecific {gravity at LY (I. . 0-9213 

Saponification value . 191 

Iodine value . . Id 1-8 

Refractive index at 20'" (’. . 1-4C)48 

Falti/ Acids — 

Molting point ... . 21° C. 

Iodine value . . . .110 


^ Ihdl. Six. (him. dc Fniiicf, 191 i, 9M ; cji. also II. Juincllc ami 11. Periier dc la 
llathio, Jj’s J/uOt'/cs ^//a.v.sr.s, 1910, 2032. 
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1 J<mrn. Soc L'hem In-I 1S‘>3, 4^3 2 rbxd ,lSv'3 y34 ^ Chem Rci'u* 211 ■* Oil from Er\ threan ^eed; 
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The oil is stated to dry after exposure to a temperature of 50° C. 
in 26 hours. 

The seeds of Jatropha glandulifera (a small evergreen tree common 
in India and also prevalent in the waste lands of tropical Africa) contain 
21-3 per cent of a straw-coloured oil. The following characteristics 
were ascertained hy Menon ^ in the author’s laboratory : — 


Oil— 


Saponification value . 

194-5 

Rciohcrt-Mei.Msl value 

42 

Hutyro-rcfractoinetcr at 20" G. 

70-5 

„ „ at 10" C. . 

08-5 

Fatly Acids — 

Molting point 

35" C. 

Iodine value . 

119-G 

Neutralisation value 

187-3 

Mean molecular weight 

299-4 


BRAZIL NUT OIL 

French— ///u7c <Ie voix de Bresd. German — Pamnnsfiol. 

Italian— 0//o di nod del Brasde. 

For tables of charac.teristics see p. 235. 

Brazil nut oil is obtained from the seeds of the Brazilian nut tree, 
Berthollclia exceka, llumb. and Bonp., belonging to the Myrtacew 
(Lecythiadaceee) (the “ Para,” or “ Juvianus tree ”) indigenous to the 
forests of the Orinoco and Amazon rivers, and now largely cultivated 
in tropical South America. The seeds bear the native name kokohko 
and are well known as ” Brazil nuts ” or “ Para nuts.” ^ They contain 
up to 73 per cent of the fatty oil, calculated to dry seeds ^ (the amount 
of water in the seeds being 7-8 per cent). 

The oil has a pale yellow colour and is odourless ; its taste is similar 
to that of the nuts themselves. 

On standing, even at the ordinary temperature, the oil deposits 
“ stearine.” A sample examined by Niederstadt ^ contained 16 per 
cent of free fatty acids. In South America Brazil nut oil is expressed 
for edible purposes. 

The total export of Brazil nuts in 1908 amounted to 8200 tons, of 
which 4400 were exported to the United States, 3400 to the United 
Kingdom, and 300 to Germany. 

' Journ. Soc. Chem. Ind., 1910, 1430. 

This higli value may he due to tlie oil having become rancid, as its acid value was 

15-8. 

^ The Brazil nuts must not be confounded with the “ sapucaia ” nuts from Lecylhis 
Zabiicajo, yielding “Paradise nut oil.” See below, p. 380. 

' Gresholf, Ohem. Zed., 1906, 856. 


« BMle, 1902, 144. 
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GLYCERIDES — SEMI-DRYING OILS 


CHAP. 


The nuts which have become mouldy in transit to Europe arc 
expressed, and the oil thus recovered is used for soap-making, or as a 
substitute for inferior kinds of olive oil. An English patent of 1847 ^ 
claims the expression of Brazil nut oil for burning and lubricating 
])ur[)oses, the press c,ake to bo used as cattle food and for manuring 
the land. 


MUCUNA OIL ^ 

French -Ihok ilc mucuna. (lerman — Mtwiinaol. 

Italian — Olia di viunnia. 

This oil is obtained from tlie seeds of the diflerent species of Miu'una, 
a pkint b('longing to tlie Legnuiihosw, viz. M. vrnis, M. pruiiens, De 
C.,^ M. (yi/li)uJro-spewKi, M. monospcrma. 

The oil characterised in tlie following lines was obtained from the 
seeds of the “ cow-itch ” bean, Mucuim capUala, i)e C , occurring in 
the Dutch Indies (described lu Bumphius’ Hcrhariim A'^dminevs'is as 
Cacara nigra). The freshly ground seeds yiehh'd to ])etr()leum etlier 
2-08 ])er cent of an oil having the acid value 6-7. The oil extracti'd 
from ground seeds which had stood for aliout two montlis showed a 
higher specific gravity, liigher acid value, higher sajionificatiou value, 
and lower iodine value. 

Amongst the solid fatty adds jialmitic acid and sbairic add were 
identified. The acetyl value was determined by BenediU and Uheds 
method, but in view of tJie strictures passed by the author on this 
miithod (Vol. 1. Chaj). VIII ), tlie number is not recorded here. 


Phijsiml aid (lieMical BhanirkiiAics of Mucma Oil 
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rhysical and Chemical Characteristics of the Insohihle Fatty Acids 


Melting Point. 

Neutralisation Value, , 

Iodine Value. 

37* 

195-6 ! 

1 

112-9 





‘ J. B. Wilks, i)!iu-nt 1774, 1817. 

- W 1\ 11. Van (hr i)ru*sseii Mauriiw, Phann. WeA'hlad, IHOC), Nn. !) ; 1909 (40), 
881. 

This species apiicars to he idontieal with Mucinui pivrila, Honk., llu' leaves of 
which are used tor djeiiig hlaek. 
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SORGHUM OIL 

French — Hnile de sorgho. Ccriuan — Sorghiwiol. 

Italian — Olio di sorgo. 

Sorghum oil obtained from tlic dried seeds of Horghun cenimn)i, 
Host., wliich is largely cultivated in Turkestan, is characterised by a 
peculiar odour ; it rejiresents a yellow, vaseline-like mass whicli dries 
slowly. 


Phgsical and Chemiral C-haracf eristics of Sorghum Oil 
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Vhijdail and (diemical Chaiacfeiistics of the [nsoluhle Faffg Acids 
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148 08 


^riie specimen examined by Aiidrejciv ^ had an aci'tyl value of O-Sf). 
The amount of lecithin calculated from the ))hos|)horus in the ash was 
0-23 perc(‘iit. Accoidmg to Aiidrejeiv, the mixi'd fally acids of tlu‘ ml 
consist chieliy of erucic acid, and small (piantities of ohuc, iicmoleic, 
and liiiolic acads. These statements stand m need of contiimation. 
'this oil must not be confounded with the oil iwmSorgliiun eulgaiod^ 


COUMOU OIL,'^ BATAVA OIL ^ 

Fi'cnch — Hnile de coumou. German— Cofnnol. 

Italian— Olm di eoaoion. 

Coumou ml is obtained from the kernels of the palm trees : (Eno- 
earpns hatava, Mart., (E. hacaba, Mart., which fre(|ucntly occur in 

^ Ckein. Zfit. llcp , 1903, 2S3. Revue, 1904, 106. 

^ .Jouru. Rharm. Chiia., 1903, 323. 

^ I’atiiva oil appears to be a corriiiAiou of batava oil. 
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(fi) The Rape Oil Group 

All the members of this group are obtained from seeds of plants 
belonging to the Cruciferce, 

Their drying powers are not of a pronounced character ; the elaidin 
obtained from them is a buttery mass. 

The most characteristic property of the oil of this group is that 
their saponification values are lower than those of any other vegetable 
oil, owing to the presence of erucic acid in these oils. Arachidic acid 
also appears to form a normal constituent ; this acid has been found 
in a large number of rape oils, as also in a specimen of mustard oil. 

The opinion held for a long time that these oils contain sulphur 
has been shown to be erroneous ; all “ cold-drawn ” rape oils are 
free from sulphur, and absence of that element in an oil does not, 
therefore, prove absence of rape oil. 

This opinion is due to the fact that cruciferous seeds (especially 
mustard seeds) contain potassium myronate (sinigrin) and an enzyme 
(myrosin) which in the presence of moisture produces glucose and 
amongst other products allyl isothiocyanate. Hence frequently cakes 
kept under unsuitable conditions give rise to the development of 
(ethereal) mustard oil.^ 

Presence of sulphur in r^pe oils may, however, point to a rape oil 
which has been expressed at a high temperature or extracted with 
carbon bisulphide. 

I describe under this group the following oils : Garden cress oil, 
ravison oil, rape oil, black mustard oil, white mustard oil, radish 
seed oil, jamba oil. ^ 


GARDEN CRESS OIL 

French — Huile de cresson aUnois. German — GarlenkressmsamenoL 
Italian — Olio di crescione. 

For tables of characteristics see p. 240. 

Garden cress oil is obtained from the seeds of the garden cress, 
Lepiddum sativum, L,, containing from 23 to 25 per cent of oil. 

The high iodine value of this oil, and especially its exceptionally 
high thermal reaction, place it nearer to the two oils from cruciferous 
plants described already, viz. cameline oil and garden rocket oil (drying 
oil), than to the other oils of the rape oil group. Garden cress oil ranks, 
therefore, among the slowly drying oils. 

^ For the determinatlou of ethereal mustard seed oil cp. p. 263, and C. Brioux, 
Ann. Chim. Analyt,, 1912, 3. 



Physical and Chemical Characteristics of Garden Cress Oil 



Oil from Erj threan seels. 2 Tsvo oils from Bengal and the Punjab respectively. Journ .<or Chem. Ind , 1898, 991 » Expressed oiL 

-‘‘Extracted oil. 5 chem. iJerive, 1912, 102. Unsaponifiable matter, 1-23 percent. 
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^■' On saponifying the oil, its peculiar odour disappears, and an ujj- 
pleasant fish-like smeH is developed, more strongly in the case of 
extracted than of pressed oil! On liberating the fatty acids, the 
original odour reverts to some extent. 

' In East India garden cress oil is used as an edible oil. 


RAVISON OIL 

French — Huile de ramson, German — Ravisonol, 

Italian— 0/io di ravizzione. 

For tables of characteristics see p. 242. 

The oil from Black Sea rape seed, a kind of wild Brassica campesiris 
(cp. “ Rape Oil,” p. 243), is known in commerce as Black Sea rape oil 
or ravison oil. The seed contains 33-40 per cent of oil. 

Ravison oil, like rape oil, contains small amounts of arachidic acid. 
Specimens of ravison oil examined by Archbuit and Deeley ^ yielded 
from 1-45 to 1*66 per cent of unsaponifiable matter. A sample examined 
in my laboratory prepared fi'om ravison seed contained 1*83 per cent. 

Ravison oil has a higher iodine value than rape oil and exhibits 
stronger drying properties. It is therefore not so suitable for lubricating 
purposes as rape oil, and its admixture with (or substitution for) rape 
oil must be looked upon as adulteration. Since ravison oil is mostly 
extracted by means of solvents, traces of the latter are left in the oil. 
They are most readily detected by taking the flash point of the oil. 
A commercial oil examined by the author had the flash point 390° C. 
(in Gray's tester, Vol. III. Chapter XV.). 

^ Lubricants and LubricatioHy p. 106. 
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1 fiy Jean’s therm elsjeoraeter. 2 Italian ravison. ^ 3 iodine valne o' the oil, 121 *7. 





XIV 


RAPE OIL 


243 


RAPE OIL [colza OILJ 

Fiench—Huile de colza. German — Rubol. 

Italian— 0/m de colza. 

For tables of characteristics see pp. 245-248. 

The different kinds of commercial rape oil are obtained from the 
seeds of Brassica campestris and several largely cultivated varieties of 
this species belonging to the natural order Cruciferce. The oils from 
these plants are indiscriminately termed rape oil or colza oil, especially 
in this country ; on the Continent, however, two different kinds of oil ' 
are understood under the last two names. According to the variety of 
the plant from which the seed is derived, the following oils may be 
broadly differentiated : — 

1. Rape oil (French — Huile de navetle; German — Rapsdl, Repsol) 
from the seeds of Brassica campestris^ var. Napus, L. 

2. [Rubsen oil] French — Haile de rabette ; German — Rubol, Rub- 
senol ; from the seeds of Brassica campestris, var. Rapa, L. 

Both Brassica species furnish several, by no means sharply dis- 
tinguished, varieties, which are again divided, according to the season 
of the year, into several races. Thus Brassica Napus oleifera bminiSp 
Roxb. { = B. Napus B. oleifera, D.C. = R. N. oleifera hiemalis, Doll.) 
yields the winter variety (Winterraps, Winterkohlraps, Setzolsamen, 
Lewat, Kohlraps, Kohlskat or Colza) ; and the annual form, Brassica 
Napus oleifera prvecox, Roxb. (~B. N. annua, Koch-R. N. oleifera 
annua, Metzg.), the summer variety (Sommerreps, Sommerkohlrepps, 
Sommerkohlsaat, Summercolza). 

Brassica Rapa (=B. asperijolia, Lam.=R. campestris, L.) also is 
grown as a winter seed {Br. Rapa oleijera, D.C. = R. R. oleifera biennis, 
Metzg. = R. campestris, B. oleifera, B.C.-Br. R. oleifera hiemalis, 
Martens) termed'in Germany Winterriibsen, Winterolriibe, Wintersaat, 
Riibsaat ; and, as a summer seed, Brassica Rapa oleifera annua, Metzg. 

( = Br. campestris, Koch = Br. campestris, L. = Br. pr(jecox, Kitaibel = Br. 
R. oleifera). 

Although the winter and summer varieties of rape oil differ in 
consistence, the summer oil being thinner and solidifying at a lower 
temperature, it is impossible to distinguish further the last-mentioned 
varieties by their chemical or physical characteristics. Moreover, as 
in the trade all three varieties are indiscriminately sold (at any rate in 
this country) as rape oil or colza oil, I comprise within the two tables of 
the physical and chemical characteristics of the oil and its mixed fatty 
acids aU the data that have been furnished by the several observers who 
examined the commercial rape oils. It is very desirable, however, 
that full particulars as to variety and source be given when character- 
istics of rape oils are published. 

C. Grimme ^ has undertaken an exhaustive inquiry of this kind 
1 Pimm. Zentralh., 1912 (27), 733. 
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into the varieties of Brassica oleracea, L; ; Brassica Rapa, L. ; and 
BrassicaNapus, L. ;*and has given the characteristics of the oils and fatty 
acids derived from (1) the followingten varietiesof Brassicaoleracea, L. : — 

B, 0 . acephala vulgaris, D.C. ; B. o. a. quercifolia, D.C. ; B. o. a. crispa, 
D.C. ; B. 0 . gemmifera, D.C. ; B. o. sahauda, L. ; B. o. capitata alba, L. ; 

B. 0 . capitata rubra, L. ; J5. o. gongylides, L. ; B. o. botrytis, L. ; B. o. 
asparagoides, D.C. ; (2) the following four varieties of Brassica Rapa, 

L. : — Brassica Rapa oleifera annua, Koch ; B. R. o. hiemalis, Martens ; 

B. R. rapifera, Metzger ; B. R. telfoviensis, Alefeld ; (3) the following 
five varieties of Brassicxi Napus, L. : — B. N. oleifera annua, Koch ; ^ 
B. N. 0 , hiemalis, Doell; B. N. o.,'D.O., flore alba; B. N. rapifera, 
Metzger ; B. N. rapifera, var. Metzger. 

For the details of this laborious research the reader must be referred 
to the original paper. It may suffice here to collate the maxima and 
minhna for the oils from the Brassica species : — 



Ihns'^ira (ilt'iiurn 

llapn 

/.'/((s'sKd Nupu'' 


10 Vatlelios. 

4 V.uioties. 

6 VaiiPt-HH. 

Oil- 

Spocific gravity at 15° 0. . 

0-9198-0-0220 

0-9170-0-92(K) 

0-9172-0-9210 

Solidifying point, ° C. 

-4 to -9 

“ 0 to - 10 

-5 to -12 

Saponification value . 

1744-180:i 

174-7-178-9 

171-3-180-1 

Iodine value .... 

93-G-101-9 

96-4-100-0 

96-3-104-6 

Refractive index at 20° 0. 

1-472.V1-4739 

1-4723-1-4728 

1-4710-14726 

Fatty Acids— 




Fatty acids, per cent . 
Unsaponifiable matter, per cent 

93-89-94-53 

94-10-94-28 

04-14-94-80 

0-72-1-42 

0-92-1-04 

0-83-1-12 

Solidifying point, ° C. 

()-19 

9-15 

6-15 

Melting point, ° C. 

11-21 

13-17 

8-19 

Neutralisation value . 

177-0-181-8 

177-2-183-5 

175-4-181-3 

Mean molecular weight 

307-2-318-0 

306-0-317-0 

309-8-320-2 

Iodine value .... 

98-0-107-1 

99-2-107-1 

100-9-100-5 

Refractive index at 20° C. 

1-4634-1-4051 

1-4627-1-4644 

1-4625-1-4647 


It should be pointed out that the specific gravities are abnormally 
high and do not agree with the specific gravities of the usual commercial 
rape oils, although the saponification and iodine values are within the 
normal limits. The specific gravity figures must, therefore, be accepted 
with reserve. 

The percentages of ethereal mustard oil obtainable from the seeds 
of the above 19 Brassica varieties, 4 Brassica Rapa, and 5 Brassica 
Naples varieties, varied from 0-051 to 0-259 per cent in the seeds, and 
from 0-079 to 0-357 per cent in the extracted seed meal according t6 the 
determinations of C. Grimnm} For the cofresponding percentages of 
ethereal oil obtained from several species of mustard seeds, see p. 264. 
The determinations were carried out according to the directions of the 
German Pharmacopoeia, 6th ed. 

The following table gives the haracteristics of some Indian rape 
oils 


^ Pharm. Zentralk, 1912 (27), 733. 



Characteristics of Genuine Indian Rape Oils (Crossley and Le Sueur) 
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Optical 
Activity 
in 200 mm. 
tube. 

% 

c> : : ko ^ ^ CO 

'■ 7 ■ ■ ' 7 ■ 7 7 

Acid 

Value. 

O CO 1-^ I’. O <M !>. O O rH 

gj 1- ip o O i'- >p 

(NrHr-lC^’.Jir-ICOtNCOC^ 

1 

> 


CO ‘CJ -i* OO Oi Ol 1'- i-H OO 

W^<p-y^(M(NOCpOiiO 

<O<pcO(^(p<KppC0rt< 

0(NrHM-rt<COCOrHkOC5 

OiOl^OlCDrHCJlI^^OCO 

CO'1’COCO'^Tt<COOO"<tCO 

Refractive 
Index 
at 40° C. 

Butyro- 

refracto- 

meter. 

“De^^rees.” 

59-2 

58*8 

... 

... 

Insoluble 
Acids+Un- 
sa pom liable. 

Per 

cent. 

96 3 

95-04 

9557 

94-56 

95 55 

95 49 

Reich ert- 
Meisst 
Value. 

d feo 

a>r^(McoooocOr-ii'- 

W CD p O O ^ r-l 

oooooooooo 

Iodine 

Value. 

Per 

cent. 

O CD I-H o 

oi>.'e<cD'e<cDr«.cJsi'>.Cj 

oooooiooioiasoi 

Saponifi- 

cation 

Value. 

Is 

171*6 

171- 4 

172- 2 

173*4 

17-2*8 

169-4 

167 7 

170*4 

169-0 

174*1 

Specific 
Gravity 
at 15 5*C. 
(water 
15-5 = 1 ). 

ooDJ-^coi-Hf-icor^iMto 

Tfi '*)< »0 CD 1 - <£> 

OpppOJOiOiODiOl 

OOOOOOOOOO 

Source. 

N.W. Provinces 
of India 

Punjab 

Bombay 

Bengal 

Bombay 

Punjab 

Cavvnpore 

Variety. 

red 

glauca 

dichotoma 

brown 

yellow 

allied to mustard 


1 s « 

= : = = ^ g- . 

s s 

^ s 

§ § : ; 

1 ^ 

2 

PQ 





open to doubt whether that sample represented genuine rape oil from cultivated seed. 
® Exceptionally fine rape oil. 




Physical and Chemical Characteristics of Ptape Oil — continued 
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Physical and Chemical Characteristics of the Insoluble Fatty Acids 


248 GLYCERIDES — SEMI-DRYING OILS 



CHAP. 


1 Colza oil. 2 Rape oil 3 Po,nt of inciiiient fusion. * Point of complete fusion. 

5 Cold pressed. 6 Io<lme value 102 2-101 7. ^ Very old sample, lodme \alue = 'J6 




^ XIV 


RAPE OIL 


249 


For further numbers cp. p, 266. 

Rape seed is grown in almost all European countries. In France 
and in Belgium the winter variety of Brassica Napus is chiefly cultivated. 
Enormous quantities are grown in East India. The bulk of the East 
Indian seed is imported into England from Calcutta, Madras, Bombay, 
Guzerat,^ and Ferozepore. Up to a few years ago considerable 
quantities of Japanese rape seed oil reached the European market. 
Thus in 1906, 351,400 kin ^ of oil were exported ; in 1907 the export 
had reached 3,156,800 kin. In consequence of the large imports into 
Japan of Manchurian soya bean cake, the Japanese production of rape 
seed has greatly decreased. The following tables give the amounts of 
rape seed worked up by the United Kingdom, France, and Germany 


^ Tlio species yielding tlie Giizerat seed is known as Brassica glauca. 
^ 1 kin-l| Ills, 
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Raj>e Seed imported into the United Kingdom. 
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totals are the quantities actually imported ; they do not lepresent in every case the sum of the specified item^. 
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Eape Seed Productm in France and Imports into France 
(Double hundredweights) 


Y«jar. 

Production. 

Imports. 

Colza. 

Navette. 

Kuropcaii 

Colza. 

Navette. 

Indian Rape Seed 
including Miistaid 
8eod. 

1896 



64,017 

27,898 

460,936 

1897 

572,993 

55,635 

55,652 

114,457 

539,131 

1898 

638,236 

53,507 

19,244 

43,164 

258,104 

1899 

620,163 

51,778 

11,470 

19,653 

647,271 

1900 

425,310 

35,165 

150,164 

452,252 

299,890 

1901 

379,332 

30,349 

48,420 

223,175 

579,293 

1902 

388,943 

36,489 

116,095 

334,452 

605,226 

1903 

376,435 

37,161 

47,927 

21,298 

780,664 

1904 

527,541 

54,361 

22,449 

2,539 

580,071 

1905 

496,327 

49,777 

69,216 

300,948 

209,093 

1906 

371,005 

44,876 

8,126 

19,080 

495,687 

1907 

523 

’,610 

1,379 

^4 

605,39;; 

1908 

560 

,740 


414^98^’ 


1909 

590 

,500 


589,310 


1910 

519 

,890 


849,710 


' 1911 

461 

,590 


780,480 


1912 


1 


660,730 
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German Exports of Rape Seed 


To 

1 I'.UI 


Denmark .... 

r 

. : n038 

2833 

tlollaiid .... 

1919 

2188 

1 Sweden 

522 

029 

! United States of Anieriea . 

302 

474 


The values of the rape seed exports from India and the distribu- 
tion of the exported (piantities is detailed in the following table : — 


Table 



254 QLYCEEIDE8 — SEMI-DRYING Olli 


lO CO I'* 00 O ^ N I 
O O !§ 

CD l-^Oi t- O Oi C0_ 

■w 10 oo'' t'-" os' 

CO O CD rH 
CD Til CO rH 


'^OOCOOOOSI^l'* 
CO »o 00 05 lo lO CO 

CD lO (N lO ^ I- !'• 
« >0 Th CD 05 00 

O t- '■f CO CO CO 
05 ot) CD CO 


<N I" CD t- ^ 

00 CO »0 OO 05 ^ 

® 

OI lO* CD" CO lo" oo" o' 'O' 
CO 50 I- rl --I 
10 CO 04 


CD O CD 05 00 
05 O (N CD 05 
00^04^0^04 lO^ 

cd" o' lO" cd" 

10 ^ 04 r- CO 
04 04 rH 


rH 04 CO I- O 10 
(-1 P-1 05 O'! CD CD 
CD^ 05 ^ 04^0 CO 4 C» 

w 04 " 'O' lo" co" 05 " 

04 05 O CD t- r-i 

10 ID ■'t ^ 


04 CD 05 00 10 -f CO 

05 10 O -iH CO O 

05 10 1-H^ 10 ^ 04 04 ^ 

fH CO 04 " I'-" 10 " 

Q O CD O I- CO 

10 'll 04 


I" --ti ■*Ji 04 >0 05 CO 
O ^ 05 1 " 04 05 ^ 
CD^ C» O » CD^ 1 "^ 
crt 04" CO" ^ CO" 00" 

CD I-- 1 ^ 05 CD 'O — I 

■»tt CO If r-1 


04 04 00 CO ‘0 04 

I- 04 CD 10 04 04 

04 CO 05 -H -.ii 10 
yj lO" 00 " lO" I"" oo" ^ O 
I" I" 00 04 I" 00 't 
I" 05 I- 04 


'Cf 1-1 00 10 ® o 

.-4 00 pH 10 05 05 4 ^ 
04 

o' ph" o" 04 " ^ O ^ 

4 - pH 4 - O 10 rH 
04 04 pH PH 


pH 04 16 4 - Tjl 

4-0 05 ^ 1 ’'^ 00 ^ CO 
X Co" '-H Co" PH 4 - 05 " 

05 00 pH 05 CO 04 
■•ii 04 pf 


•c 


V. s 


d ^ ^ 

Igp.s- 

MOP^PmWO 


CHAP. 



XIV 


KAl'lfi OIL 


200 

Rape seed is crushed between rollers and the meal is either expressed 
or extracted with carbon bisulphide or petroleum ether. The extracted 
oil is, as a rule, purer than the expressed oil, since a considerable amount 
of mucilaginous matter passes into the oU when the seed is expressed. 
The cakes obtained by expression form ah excellent cattle food, if the 
seed has been tolerably pure, i,e, free from mustard seed and wild seeds. ^ 
The extracted meal is unsuitable ^ as cattle food, and is chiefly used as 
manure, at any rate in this country, although some meal, especially on 
the Continent, finds its way into compound cakes. 

Rape (colza) seed contains from 33 to 43 per cent of oil. The seed 
harvested in the North of France contains 43 to 45 per cent ; Danubian 
seed 38 to 40, and Indian seed from 42 to 45 per cent. 

Crude rape oil is dark in colour— “ brown rape oil ” of commerce— 
and before being put on the market it is refined by treatment at the 
ordinary temperature with about one per cent of strong sulphuric acid 
(Thenar d's process), which coagulates and carries down the impurities. 
At present a mixture of acid and water in equal proportions is preferred.® 
The acid must be carefully drawn off, as otherwise in the subsequent 
washing with water troublesome emulsions are formed ; hence conically 
shaped vessels are preferred for the acid treatment. The settled oil is 
then washed with water until free. from mineral acid. The black waste 
acid does not seem to be recovered. Gqffart ^ proposed to convert it 
into a consistent grease by heating with zinc. 

The refined oil of commerce is pale yellow ; it has a characteristic 
smell [which may serve to identify the oil] and has, except the finest 
quahties, an unpleasant harsh taste. The term “ colza oil ’’ can no 
longer be taken as being exclusively applicable to oil expressed from 
the finest French seed, as was the case about forty years ago. For 
with the increased consumption of colza oil, rape seeds from other 
countries were used for the manufacture of “ colza oil,” especially 
German seed, such as rubsen seed from Brassica campestris, var. rapa. 
Since Indian rape seed has been introduced in European oil, mills, the 
term “ colza oil ” has become a generic term, denoting a refined rape oil 
from the various commercial rape seeds. Therefore, the restriction of 
“ colza oil ” to a French oil or even a German oil no longer holds good, 
and “ colza ” oils are sold in trade which are made from Indian seed, 
such as Cawnpore seed and Guzerat seed. It should further be noted 
that “ colza oil ” was originally an oil which had been obtained by 
expression, and the term “ best refined colza oil ” must still be held as 

1 With regard to rape cakes and their purity see G. Jorgensen, Landw. Vermchsut,, 
1910, xxiii. 1. With regard to “greening” of rape cakes see L. Bussard, Les Matieres 
grasses^ 1911, 2199. Op, also C. Brioux, Ann. cJiim. AnalyL, 1912 (17), 3. 

2 For a process of preparing extracted rape (and raviaon) seed meal for use as cattle 
food cp. A. W. Macllwaine and J. Caley, English patent 1853, 1899. ' 

* ^ For a refining process eniliracing the following operations ; emulsifying oil by 

heating with brine, heating emulsion with a solution of sodium and zinc sulphates and 
tin protochloride, separating the oil and treating with potassium chlorate and hydrochloric 
acid, and finally treating with a 40 per cent solution of formaldehyde cp. German patent 
209,128, A. van de Kerkhove, 

* French patent 860,001. 
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rightly belonging to an expressed oil such as is used for edible purposes. 
This class of edible rape oil is largely used by bakers for greasing the ends 
of loaves in the oven (“ bread oil ”). [Linde ^ heats rape oil with 
bread crumbs or milk to about 180° C. so as to impart to it a peculiar 
taste.] 

There are also in the market pure refined colza oils which have 
been obtained by extraction with solvents. These are of distinctly 
inferior (quality ; their origin is immediately revealed by their taste. 
Colza oils of this class are not objectionable as burning oils,^ but being, 
as stated already, of a distinctly inferior quality, they are valued in 
commerce at a lower figure. 

Jamba oil (see p. 274) simulates rape oil, although the jamba oil is 
distinctly inferior in quality ; as jamba oils are now coming in large 
quantities on the market the distinction between rape oils and jamba 
oils has gained some importance (see p. 274). 

Saturated fatty acids occur in rape oil to a small amount only. 
Tolman and Munson found by the lead-salt-ether method 1‘02 per cent 
(and less) of solid fatty acids. What Iteimer and Will ^ termed behenic 
acid in rape oil has been shown by J. E. Aim ^ and Ponzio ^ to be in 
reality crude arachidic acid (i.e. a mixture of arachidic acid and lignoceric 
acid). Archhutt ® confirmed the occurrence of “ arachidic acid ” in a 
number of commercial rape oils. His determinations are reproduced in 
the following table 


Origin Of Oil. 

Ciudo Arn( 

liidie Acid. 


lV,r cent. 

Melting Coint. *0. 

Crude, .several years old, from Rubsi'ii 

0*59 

69 2 

Crude, several years old, from Raps. 

0-36 

69-0 

Kusteiidje (lilack Sea) .... 

0*84 

70-4 

Relined, Stettin 

1*14 

69*0 


After ])urilication by one reerystal- 


lisation from 90 iier cent alcohol, 

Oil preuared in the Laboratory from Guzerat 

0-91 

72-2 

seed 

1 61 

71-1 


After purification by twice re- 


crystalli.sing from 50 c.c. of 90 


per cent alcohol, 


1*43 

73*1 


Amongst the unsaturated fatty acids, erucic and rapic acids have 
been identified. On subjecting the mixed fatty acids to the lead-salt- 

^ United States patent, 692,187. 

2 Rape oil impoited to Australia as “burning oil” must be denatured Vith 6 gallons 
of “blown ” rape oil (see Vol. III. Chap, XV.) and 10 oz. of bireh tar oil (of spec, gravj^ 
0*926) at 20° C. per 100 gallons of oil. 

3 Benchte, 1887, 2388. 

^ Svtnsk Kmisk TkUkrift, 1892, 78 ; 1893, 179. 

® Journ. f, prakt. CJiem., 1893 [48], 487 ; Jmiru. &)c. Chevi. Ind., 1894, 257. 

6 Jimrn. Soc. Ohm, Ind., 1898, 1009. 
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ether process of resolving the mixed fatty acids into “ solfd ” and 
“ liquid ” aci4^, erucic .acid remains to a large extent with the solid 
acids. Hence the “ solid ” acids of rape oil obtained by this method 
are characterised by a high iodine value, 62, and low melting point 
(cp. Vol. I. pp. 544 and 553). For the detection and estimation of 
erucic acid see Vol. I. p. 553. Since the iodine value of the unsaturated 
liquid fatty acids lies in the neighbourhood of 120, whereas the respective 
iodine values of rapic and erucic acids are 90-07 and 75-15, the presence 
of unsaturated fatty acids belonging to the linolic, or to the linolenic 
series must be suspected. Indeed Hehner and MMell obtained 3-6 
per cent of a brominated acid melting at 179° C. ; the same compound 
was also isolated by Farnsteiner, and by Walker and Warburton in the 
author’s laboratory ; the last-named observers obtained 2-4 to 3*4 
per cent of ether insoluble bromide. 

On standing, “ stearine ” separates from rape oil at the ordinary 
temperature. A specimen of rape “ ^stearine ” gave the following result 
' {Halenke and Moslinger : — 



MeltitiK Toint. 

°C. 

SaponlflcHtion Value. 

Fat .... 

38’5 

161*76 

Fatty acids . ’ , 

34 i 

__i 

' 160*05 


It follows from these numbers that the “ stearine ” consisted practically 
of trierucin only. 

Reimer and Will ^ obtained from a specimen of crude rape oil 
“ stearine,” by dissolving the solid mass in ether, filtering and pre> 
cipitating with alcohol, colourless needles melting at 47° C. These 
consisted of pure dierucin. The formation of dierucin is due to hydrolysis 
of the oil having been arrested at the first stage ^ (see Vol. I. Chap. II.). 

According to Flonnann,^ dierucin, although frequently met with in 
crude oil, has never been found in refined oil. 

The amount of the unsaponifiable matter contained in rape oil 
varies from 0-5 to I per cent. This figure is rarely exceeded. Rape oils 
containing larger amounts of unsaponifiable matter, exceeding 2 per 
cent, should be looked upon with suspicion. According to Windaus 
and Welsch ® the “ phytosterol ” from rape oil consists of a mixture of 
brassicasterol (Vol. I. p. 278) and of a “ phytosterol ” which is similar 
to, but not identical with, sitosterol ; the alcohol melted at 142° C. 
(whereas sitosterol melts at 136°-137° C.), and its acetate at 134° C. ; 
its propionate at 116° C., cinnamate at 151° C., and benzoate at 143° C. 

It appears that Siegfeld ® had the brassicasterol acetate in his hands, 
for after having prepared the “ rape oil phytosteryl ” acetate, melting 

^ Corresp. d. Vereins d. hayer. Cftem. No. 1. 

^ lienchte, 1886, 8320. ^ Cp. C, L Reinier, Berichte, 1907, 260. 

* Chem. ZeiL, 1907, 211. * Berichte, 1906, 4378. 

, ® Zeits.f, Unters. d. NahrgS’ u. Genimm., 1904 [vii.], 58i. 
i ' VQL. II 
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after thb fifth crystallisation at 135-5^ C.*-136‘5° C., he found in the 
mother liquors an acetate melting after the thirteenth crystallisation at 
C.--146-6° C. 

Commercial rape oil as a rule contains free fatty acids. In view of 
the importance which the proportion of free fatty acids has on the 
valuation of commercial rape oils intended for lubricating purposes 
and for burning, I collate in the following table some observations : — 


Free Fatty Acids in Rape Oils 


Description of Oil. 

No. of 
Samples. 

Free Fatty Acids in 
terms of Oleic Acid. 

Observer. 



Per cent. 


Ediblo oil ... . 

3 

0-53-1-82 

Ndrdlinger 

Conimoreial oil, (‘.x pressed . 

9 

0 52~d-2() 

,, 

„ (‘.xtracted . 

2 

0-77-M 


„ „ . . . 

5 

2 43 ()‘24 1 

Thomson and 
Ballantyne 

j. , 

50 

l*7-5'5 

Archbutt 

,, . 

5 

105-3‘9 

Ih'crmg 

Indian oils .... 

10 

0-7-2-01 

(Tossley and 




Lo Sueur 



0-7-52 

Lowkowitsch 


Rape oil absorbs in LivachFs test 2*9 per cent of oxygen after seven 
days, whereas the fatty acids absorb only 0-9 per cent after eight days. 
The oil thickens and becomes rancid without, however, drying. Rape 
oil may, therefore, be considered as representing a class of oils occupying 
an intermediate position between the semi-drying and the non-drying 
oils. 

It is most likely due to this slight drying power that old rape oil 
samples exhibit notable acetyl numbers. Thus Lewkoxmtsch found in 
a sample of old colza oil the acetyl value 14-7, and Gripper values varying 
from 24 to 41*7. 

The following table, due to Gripper,^ gives the characteristics of a 
number of old rape oils which had been kept in corked bottles in full 
daylight for the times stated. For comparison, the numbers obtained 
for fresh rape oil are added. It appears that air had access to the oil, 
as the specific gravities and viscosities, as also the acetyl numbers and 
soluble fatty acids, had increased, whilst the iodine values had decreased. 

^ Jnnm. Soc. Chem. Ind., 1899, 342. 


[Table 



Insoluble Fatty Acids. 


XIV 


RAPE OIL 


259 





260 GtYOERIDES— SEMI-DRYING OILS chap. 

The changes which rape oil undergoes on blowing with air at 100° C. 
have been investigated by Procter and Holms. ^ Their results are 
reproduced in the following table 


Blown. 

Specific Gravity. 

Refractive Index, 

Iodine Value. 

Hours. 

0 

0*911 

1 *4748 

120*0 

3 

0*913 

1*4749 

97*0 

6 

0 913 

1*4750 

94-0 

9 

0*913 

1*4750 

90-0 

12 

0*913 

1*4751 

89-0 

15 

0*914 

1*4754 

89*0 

18 

0-915 

1*4756 

88*0 

21 

0*919 

1*4756 ; 

87*0 

24 

0*922 

1*4758 

86*0 


In the ela’idin test rape oil does not give characteristic indicatious. 

Rape oil is largely adulterated according to market prices with one 
or more of the following fatty oils : linseed (hemp seed), poppy seed, 
cameline, cotton seed, ravison, hedge mustard oils, and also with refined 
fish and blubber oils. Paralfin and rosin oils are also frequently added 
fraudulently. 

In order to “ correct ” the specific gravity, which may have been 
raised by the addition of the last named two unsaponifiablo oils, spetm 
oil is also added. Paraffin and rosin oils are easily detected by estimat- 
ing the amount of unsaponifiahle matter. The presence of sperm oil 
also increases the amount of unsaponifiahle matter, as it yields on saponi- 
fication 37 to 41 per cent of unsaponifiahle substances. Hence, the 
examination of the unsaponifiahle matter for the presence of sperm oil 
alcohols may become necessary in special cases. (Cp. Vol. 1. Chap. IX. 

p. 601 ). 

The addition of largo quantities of linseed, hemp .geed, poppy seed, 
cameline, fish and blubber oils is readily recognised by a high iodine 
value, and chiefly by determining one of the following characteristics : 
specific gravity, melting point of the fatty acids, thermal tests, saponi- 
fication value, and also the viscosity of the oil. 

The specific gravity of rape oil rarely exceeds 0-916, and this may 
be considered for practical purposes as the limit, although, as will be 
seen from the table given above, higher values have been recorded. 
Thus, of fifty-two samples examined by Archhutt— 

7 samples had a specific gravity below 0-9140 
27 „ „ „ above 0-9139 but below 0-9150 

18 • „ M „ „ 0-9149 „ 0-9160 

The specific gravities of the other fatty oils that may be used as 
adulterants being higher than 0*9160, a sample of oil the specific gravity 
^ Journ. Soc. Ckem. Ind., 1905, 1287. 
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of which exceeds that figure must be looked upon with suspicion. Of 
course, presence of an unsaponifiable oil cannot be detected by deter- 
mination of the specific gravity alone ; it has been pointed out already 
that the specific gravity of an adulterated oil is usually “ corrected.” 
(For abnormally high specific gi-avities of some rape oils prepared on a 
small scale see table, p. 262 .) 

The melting point of the fatty acids and the solidifying point (titer 
test) of an adulterated sample is higher than the normal one if cotton 
seed oil has been added ; on the other hand, it is lowered by the presence 
of linseed oil or of any of the other oils mentioned above. If cotton 
seed oil be suspected, the Halphen colour reaction may be used as a 
confirmatory test. In case heated cotton seed oil had been used, this 
test will fail. The nitric acid colour test is too uncertain in the presence 
of rape oil. 

The thermal test with sulphuric acid or bromine ^ is still largely 
used, although the indications furnished by the iodine value are much 
more reliable. The thermal reactions indicate admixture of linseed or 
other drying oils, or semi-drying oils, such as cotton seed oil. 

The saponification value of the sample under examination will 
easily lead to a decision as to whether any other fatty oil, with the 
exception of an oil helomjing to the rape oil group, such as ravison or hedge 
mustard oil, is present to a notable extent. Owing to the large propor- 
tion of erucic acid in rape oil, its saponification value is very low, lower 
than that of any of the fatty oils mentioned above. [Castor oil, which 
is also characterised by a low saponification value, would be detected 
by the specific gravity and high acetyl value of the suspected sample.] 
It should, however, not be forgotten that a low saponification value 
results also in the presence of unsaponifiable oils. In that case the 
latter must be separated first, and the neutralisation value of the fatty 
acids is determined subsequently. 

The following are the saponification values of the fifty-two samples 
of rape oil examined by Archhutt ; — 


4 samples 170 to 171 

12 

„ 171 . 

, 172 

9 

„ 172 , 

, 173 

14 

173 , 

174 

11 

„ 174 , 

176 

1 

„ i7r> „ 

, 176 

1 

176 „ 

. 177 


It may be repeated that the other members of the rape oil class also 
have low saponification values. 

The determination of the Iodine value should not be omitted, for 
this number affords valuable -guidance as to the presence of oils which 
belong to the rape oil group but are not derived from the cultivated 
seed. Such oils (ravison oil, etc.), cannot be detected by the saponi- 
fication value alone, but are indicated by somewhat high iodine values, 

^ Cp. Archbutt, Journ. Soc. Ckm. Ind., 1897, 811. 
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especially if the latter be associated with high specific gravity numbers. 
The figures given in the table of “ characteristics ” under the headilig 
“ iodine value,” as also the numbers given in the following table, will 
furnish further information : — 


Characteristics of Genuine Rape Oils and Allied Oils (Lewkowitsch) 



S[)pei(ic 
Gravity 
at W)’ F. 
(water at 
00“=!) 

Saponl- 

llcatum 

Value, 

Iodine 

Value. 

Viscosity. 

Un. 

saponifiable 
Matter. 
Per cent. 

At 70’ F. 

At 140° F. 

Genuine rape oil, crude 

0-91458 

173-1 

106-8 




,, ,, relined 

0 •918(54 

173-1 

104-4 

380 



„ ,, ,, Eastind. 

0-9139 

172-9 

102-1 





0-9139 

168 8 

104-2 



1*69 

M M 1) • 

0*9115 

173-2 

103-6 

375 


8*13 

Jl 11 • 

0-914(> 

172 

103-5 


94 


) ) 1 ) * ' • 

0-91 47 

173 

104-6 


92 

1-43 

)) 

0-9147 

172*5 

103-1 1 


94 

1-56 

U M T > • 1 

0-9153 

176 6 

102-9 , 


91 

1-42 

German “colza” oil contain- | 







ing nmstaid seed oil 

0-91G1 

175-3 

106-5 1 




liapo oil, second (piality 

0-91629 

175-8 

110 3 ! 

360 



Ravison oiP 

0 91793 

177-1 

114 7 j 

329 




0-9204 

178 5 

120-4 1 

334 


2-29 


It may be added that the iodine numbers 98-103'6 given by the 
author in the table of “ characteristics ” have been derived from a 
special investigation of a very large number of genuine rape oils (from 
cultivated seed). The number 93*5 given in that table is exceptionally 
low. 

The determination of the viscosity of rape oil is a very valuable 
means of ascertaining its purity. It will be found best in an examina- 
tion to compare the samj)le with a standard rape oil^of known purity, 
as the viscosity of rape oil is fairly constant. Since no other oil likely 
to be used as an adulterant, with the exception of castor oil, possesses 
so high a viscosity as rape oil, the genuineness of the sample can thus 
be ascertained. 

The Valenta test is very characteristic of rape oil, and proves useful 
as an additional means of. deciding whether a sample is genuine or not. 

Fish oils and blubber oils in rape oil may be recognised by their 
peculiar smell and taste, especially on warming, and also by the intensity 
of the phospho-molybdic acid reaction. More important evidence will 
be furnished by the determination and examination of the ether-insoluble 
bromide prepared from the mixed fatty acids. (Separation of octo- 
bromide, see Vol. I. p. 573.) Confirmatory evidence will be furnished 
by the phytosteryl acetate test (cp. “ Linseed Oil,” p. 69), as also by 
the iodine value of the oil and of its liquid fatty acids. 


Cp. also “Ravisoii Oil,” p. 241. 
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Since rape oil is refined with sulphuric acid, commercial oils should 
be tested for the presence of sulphuric acid by shaking the oil with warm 
water and examining the aqueous layer. 

The detection of rape oil in other oils by means of colour reactions 
(such as Mailho's or Schneider's reagents), purporting to show presence 
of sulphur, can no longer be considered as useful. The “ cold-drawn ” 
oils of commerce are entirely devoid of sulphur, but oils extracted by 
means of carbon bisulphide may retain some sulphur, it being difficult 
to remove the last traces of the solvent. The colour reaction proposed 
by Palas ^ for the detection of rape oil in olive oil (viz. agitation with 
rosaniline sulphite) is valueless, as experiments made by the author 
have shown. 

Rape oil in other oils is detected by its characteristic smell and taste, 
and by the influence it exercises on the characteristics of tlie oil under 
examination, such as the iodine value of the oil, the iodine value of the 
liquid fatty acids, and chiefly on the saponification value. 

“ Cold-drawn ” rape oil is used as an edible oil, especially in India. 
It is also used as an edible oil on the Continent, and in this country as 
“ bread oil ” (see p. 256). Those colza oils which are unsuitable for 
edible purposes find an outlet as excellent burning oils. Equally well- 
refined oils can also be used as wool oils. Enormous quantities of rape 
oil are used for lubricating purposes both in the refined state, and as 
blown rape ” oil (see Vol. III. Chap. XV.). Smaller quantities are 
used on the Continent for the making of soft soap, but as a rule rape oil 
can hardly be termed a suitable soapmaking oil. Rape oil is also 
largely used for quenching steel plates. 


BLACK MUSTARD SEED OIL 

French — Huile de moutarde noire. German — Schwarzsenfol. 

Italian — Olio di mosUirda nera. 

For table of characteristics see pp. 266, 267. 

Black mustard seed oil is obtained from the seeds of Sinapis nigra, L. 
(Brassica nigra, Koch), which contain 31-33 per cent of oil. (Grimme 
found 28-3 per cent.) The oil has a brownish-yellow colour and a mild 
taste ; it smells of ethereal mustard oil. Grimme ^ obtained from the 
seeds 0-995 per cent, and from the solvent extracted seed meal 1-388 
per cent of ethereal mustard oil. 

In its chemical composition it closely resembles rape oil. Tolman 
and Munson obtained from various samples by the lead-salt-ether 
method from 2-32 to 4-()6 per cent of solid fatty acids containing arachidic 
acid. Amongst the unsaturated acids erucic and a liquid fatty acid ^ 
(rapic acid ?) have been found. 

^ Journ. Soc. Ctum. Ind., 1897, 361. ^ Pharm. Zeit., 1912, 520. 

^ Goldschmiedt, Wtiner BericMe, 70 [2], 451. 
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The oil is obtained as a by-product in the manufacture of ethereal 
mustard oil. It is not suitable for burning, and therefore is chiefly used 
for soap-making. Efforts have been made lately to introduce this oil, 
under the name “ Sinapol,” for cosmetic and pharmaceutical purposes, 
as a substitute for olive oil. 

In Calcutta very large mills, driven by steam power, produce the oil 
in (native) grinding mortars (“ checcos ”). The oil is used largely for 
edible purposes. No hydraulic presses are employed, the reason being 
that the native mills require no important capital outlay. Moreover 
the native mills give almost the same yield as hydraulic pressing would 
give. 

Suzzi described two species of black mustard seed oil cultivated in 
Italian East Africa (Erythrea), viz. Brassica nigra and Brassica carinata, 
the seeds of which contain 20*75 and 29*74 per cent of oil respectively. 
The characteristics of the two oils were the following : — 



on ft'om Brassica 
nigra. 

Oil from Biassira 
cannatM. 

Specific gravity at 16'“ C. . 

0-9175 

0-917 

Saponitieation value . 

176-5 

175 -2 

Iodine Value 

116-1 

112-7 

Mauraen6 test 

1 

ir c. 

74“ C. 


Fatfg Acids 


Melting point ^ 

16-2“ C. 


NeutraliHation value .... 

179-2 

179 -.5 

Saponification value .... 

181-1 j 

i 

1 182 0 ' 


Indian mustard seed from Brassica juncea, Brassica juncea, 
Hooker fils et Thomson (a variety of Sinapis nigra) is extensively 
cultivated and is known in India as “ raiF ^ This seed yields the 
“ Sarepta ” mustard, Russian mustard, and generally all European 
mustard, is derived from Brassica Besseriana, .Andrz. Crossley and 
Le Sueur give the following numbers from mustard seed oil from “ rai ^': — 


Specific gravity at 15*6715*6° . 

0*9168 

Saponification value 

172*1 

Iodine value .... 

101*8 

Butyro-refractometer “ degrees ” 

60 


Mustard oil imported from India is sometimels adulterated ; a speci- 
men examined contained considerable amounts of sesame oil. Grimme^ 

^ Crossley and Le Sueur’s method {Vol. I. p 321). 

® “Rai,” Brassica juncea as distinct from “sarson,” Brassica campesiris. 

® Pharm. ZeiL, 1912, 620; cp. also L. Farcy, Ann. d. Falsijic., 1912 (6), 528. 
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who obtained 33-3 per cent of oil from the seeds 
characteristics ; — ’ 


26p 

gives the following 


Oil — 

Specific gravity at 15° C. 
Solidifying point, ° C. . 
Saponification value 
Iodine' value 

Refractive index at 20° 0. 

■F tttty A cids — 

Fatty acids, per cent 
Unsaponifiable matter, per cent 
Solidifying point, ° C. . 
Melting point, ° C. 
Neutralisation value 
Mean molecular weight . 

Iodine value 

Refractive index at 20° (\ 


0'9206 
-11 to -12 
174-4 
106-8 
1-4723 


94-27 

1-04 

13-15 

17-18 

177-7 

315-8 

109-3 

1-4627 


The seeds yielded M37 per cent and the extracted seed 
per cent of ethereal mustard oil. 


meal 1-705 


[Table 
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WHITE MUSTARD SEED OIL 

French — Huile de moutarde hlanche. German — Weisssenfol. 

Italian — Olio di mostarda hianca. 

For tables of characteristics see pp. 269, 270. 

White mustard seed oil is obtained from the seeds of Sinapis alba, 
L. {Brassica alba), which contain 25-26'^ per cent of an oil of golden- 
yellow colour, ‘and having a burning taste. The seed gave (Grimme 
O' 827 per cent and the extracted seed meal M50 per cent of ethereal 
mustard oil. 

Most of the physical and chemical characteristics are almost identical 
with those of black mustard oil. The iodine values, however, appear 
to differ considerably. This agrees with Tolman and Munson's state- 
ment that this oil yields only traces of solid acids by the lead-salt-ether 
method. Hehner and Mitchell obtained 1*5 per cent of an ether insoluble 
bromide from a specimen of white mustard seed oil. 

A sample examined by Archbutt ^ yielded 1-18 per cent of crude 
arachidic acid, of the melting point 69® C. 

The oil is used as a burning and lubricating oil. 

1 Pkarm. Zei/., 19T2, .''>21. 

2 Journ. Soc. Ohem. hid., 1898, 1000. 
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Indian oil Soc. Ghem. 7n<i,1898, 991) ; the acid value of this specimen was 5*40 ; its optical activity in a 20^ 

tnra. tube — 0“ 9'. 
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Physical and Chemical Characieristies of JVhUe Mustard Seed Oil 





Phystcal and Chemical Characteristics of the Insoluble 


0I,YCEjpiDE8 — semI-DEYING OILS 



Fatty acids 94 23 ; unsapomfiable matter 0 98 
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Grimm examined the oils from the following four varieties of 
mustard seed : — 

Sinapis arvensis, L. ; Sinapis chinensis, Sinapis dissecta, and Eruca 
saliva} The characteristics found by Grimme are reproduced in the 
following table : — 



Sinojiis arvermh,^ 

SiiKqns rhiwnsi<<, 

Sin(tpi‘< dimcta, 

Emm mtim, 


L. 

L. 

Ltnk. 

Oil — 





Specific gravity at 15° C. . 

0-9228 

0-9230 

0-9221 

0-9198 

Solidifying point . 

- 13 to - 15° 

-14“ 

- 13 to - 14° 

- 8 to - 10 

Saponification value . 

179-4 

177-3 

178-2 

174-4 

Iodine value 

102-6 

103-3 

105-6 

101-8 

Refractive index at 20° C. 

1-4738 

1-4736 

1-4725 

1-4723 

Fatty Acid^ — 




1 

1 Fatty acids, per cent . 
Unsaponifiablo matter, per 

94-21 

94-28 

i i 

94-34 

‘ 94-24 

cent 

1-12 

1 0-96 

0-96 

1-07 

I Solidifying point . 

4-5° 

> 14-15° i 

6-8° 

8-10° 

Molting point . ^ . 

6-8° 

17-18° 

: 9-10° 

12-13° 

Neutralisation value . 

179-8, 

182-0 

181-7 

180-1 

Mean molecular weight 

312-4 

308-6 

309-1 

311-8 

Iodine value 

106-6 

106-7 

109-0 

103-6 

Refractive index at 20° C. 

1-4625 

1-4648 

1-4645 

1 1-4643 

i _ 


The percentages of ethereal mustard oil obtained from the seeds of 
the above species are given in the following table : — 


Name. 

Fthcreal Mustard 
Oil Seed. 

Ethereal Mustard 
Oil in Extracted 
Seed Meal. 


Per cent. 

Per cent. 

Sinapis arvensis 

Sinapis chinensis 

0-959 

1-308 

1-407 

2 022 

Sinapis dissecta 

Eruca sativa 

0 833 

1-160 

1-075 

1-586 


^ Cp. S, Hals and J. F. Gram, Landv\ Versuchsst., 1909 (70), 807 “On the seeds 
of Eruca sativa.” 

2 This jilant is known as wild mustard charlock, the seeds of which yield an oil 
known as charlock oil. The oil itself is not a commercial article, since the endeavour 
of the rape seed growers is directed to the destruction of the charlock plant as being a 
weed. 
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RADISH SEED OIL 

French — Huile de raifort. Geimm—Rettichbl 
Italian — Olio di ravano (ravanello). 

For tables of characteristics see p. 273. 

Kadish seed oil, which, like the two preceding oils, closely resembles 
rape oil, is obtained from the seeds of Raphams sativus, L.^ (rat-tail 
radish), which contain from 46 to 60 per cent of oil. The green colour 
said to be characteristic of the soap solution of hedge mustard oil is not 
observed when the oil is saponified (De Negri and Fabris). 

An Indian oil from Assam of the acid value 14-6 (Crossley and Le 
Sueur ^), was described as a woii-drying oil. 

Grimm examined the oil from four varieties of Raphanus sativus, 
L., viz. R. s. alhus, L. ; R. s. niger, D.C. ; R. s. Radiola, D.C. ; and 
R. 8. oleiferus. The characteristics of these four oils vary within the 
limits given in the table on p. 273. 

' For the enzymic action of raphttims hativus cp. T. Saiki, Zeitschr.f. phi/sioL Chem., 
1906, 48, 469. 

^ Jourii, Soc. Chem, Iml, 1898, 991. 
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JAMBA OIL^ 

French — Huile de Jamha. German — Jamhadl. 

Itolmn—Olio di Jamho. 

For tables of characteristics see p. 275. 

Jamba oil, obtained from the seeds of a plant belonging to a variety 
of the genus Brassica, is closely related to rape oil. The seeds contain ^ 
about 26 per cent of oil. 

The oil behaves somewhat abnormally in that it does not lend itself 
readily to the manufacture of “ blown ” oil, as the specific gravity of 
the oil does not rise by “ blowing ” at the same rate as that of other 
oils belonging to the rape oil group. A further instance of its abnormal 
behaviour is that the temperature does not rise spontaneously when 
the source of heat has been removed. 

A sample examined in the author’s laboratory contained 0’45 per 
cent unsaponifiable matter ; it yielded 1*05 per cent of fatty acids 
insoluble in petroleum ether. Thomson and D^lnlop ^ found 1*02 per 
cent of unsaponifiable matter. 

Jamba oil is distinctly inferior to the rape oils made from genuine 
rape seed (see p. 256), a difference which finds its expression in the 
commercial value of the oil, which is generally twenty to thirty shillings 
per ton lower in price than refined colza oil. 

Jamba oil is recognised by its peculiar taste and smell. It may 
be considered a good burning oil, but does not burn as well as colza oil 
(cp. Vol. III. Chap. XV.). It is, however, a distinctly better burning 
oil than ravison oil, and, in this respect, takes its place between ravison 
oil and best Indian rape oil. 

* De Negri and Fabris, d, hib. ('him. delle (}ahdU\ 1891 -9‘2, 187. 

^ Ambjsi, 190(i, 282. 
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(3) Non-Drying Oils 

The oils enumerated under this heading are characterised by lower 
iodine values than those exhibited by the members of the two preceding 
classes. Linolenic acid is completely- absent ; linolic acid is present 
in small quantities only. The oils which stand at the head of this 
section up to and including peach kernel oil still possess slight drying 
properties. Owing to the predominance of olein the non-drying oils 
solidify on treatment with nitrous acid, yielding hard elaidins ; castor 
oil gives under these conditions solid ricinelaidin. 

It should be noted that the property of not drying holds good for 
these oils at the ordinary temperature only ; at higher temperatures 
the non-drying oils become viscous and thic W. The chemical changes 
then taking place have not yet been investigated. 

Castor oil (and also grape seed oil, which seems to be related to it) 
has been placed at the end of this class, on account of its being a 
most markedly non-drying oil. The chemical composition of castor 
oil (and pending further confirmation also of grape seed oil) differs 
totally from that of all other fatty oils ; for this reason it appears 
justifiable to form a separate group of castor oil and grape seed oil. 


QUINCE OIL 

French — Huik de coing. German — Quittensamenbl. 

Italian — Olio di cotogno. 

The seeds of the quince, Cydonia vulgaris, Pers. (cultivated in Asia 
and Europe), contain about 15 per cent of a fatty oil of yellow colour, 
and of a pleasant odour faintly resembling that of almond oil.^ The 
specimen examined by Hermann yielded 95-2 per cent of insoluble acids 
-F unsaponifiable, and had the acid value 31-7. 

The oil is stated to contain a liquid hydroxy acid, Cj7H32(0H)C02H, 
the dibromide of which melts at 108° C. (Vol. I. p, 569). The solid 
acids contain myristic acid and another solid acid not yet identified. 


Physical and Chemical Characteristics of Quince Oil 


Specific 

Gravity. 

Solidifying 

Point. 

Saponification 

Value. 

Iodine 

Value. 

Reichert- 
Meissl Value. 

Refractive 

Index. 

Mauraeni 

Test. 

At 15“ C. 

•c. 

Mgrms KOH, 

Per cent. 

c.c. norm. 
KOH. 

Butyro. 

refractoineter. 

" Degrees." 

•0. 

0-922 

-11 to 
-132 

181-75 

187-72 

113 

120-22 

0-6 

68-5 

(at 25’ C.) 

732 


^ R. Hermann, Arch. d. Pharm., 1899, 237, 368. 

^ Fabris and Settimj. Atti del VI, Congrmo intemaz., Roma, 1907, vol. v. 761. 




OMAP. 


278 


GJiYCERIDES — NON-DEYING OILS 


Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Insolublo Acids 
+ Unaaponliliible. 

Solidifying 

Point. 

Melting 

Point. 

Iodine 

Value. 

I’ei cent. 

•c. 

“C. 

Per cent. 

95-5 

2u-27 

33-34 

121-6 

Liquid Fatty 
Acids 1 

132-1 


CHERRY KERNEL OIL 

Fiench—Huile de cerisier. Geimm—Kirschkernol 
Italian — Olio di ciliegie. 

For tables of characteristics see p. 279. 

The characteristics given in the tables refer to extracted oil. 

Cherry kernel oil is obtained from the kernels of the cherry {Prunus 
cerasus, L.). The kernels contain 35-36 per cent of oil. In its fresh 
state the oil has a golden-yellow colour and a faint odour of almonds ; 
this odour is lost when the oil becomes rancid. 

With nitric acid of specific gravity 1*4 cherry kernel oil becomes 
dark reddish brown ; with BiehePs reagent (p. 291) a brown coloura- 
tion is obtained. 

De Negri and Fahris found a notable quantity of hydrocyanic acid 
in the extracted oil. 

In South Germany (Wurtemberg) the “ cold-drawn ” oil is used 
for edible purposes. The oil expressed at a higher tempe?<iture serves 
as a burning oil, and also for soap-making. Since cherry kernel oil 
easily turns rancid, it is not employed as an adulterant of almond oil. 

^ The proportion of liquid fatty acids was 77-3 per cent. 
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CHERRY LAUI^EL OIL ^ 

French — Huile de laurier cerise. German — KirscJilorheerbl. 

Italian— Oim di huroceraso. 

This oil has been extracted from the kernels of the cherry laurel, 
Prums laurocerasus, L., a tree indigenous to Persia and the Caucasus, 
and cultivated in Italy since the sixteenth century. 

Cherry laurel oil has a golden-yellow colour ; its odour resembles 
that of bitter almonds. Like the preceding oil it contains appreciable 
quantities of hydrocyanic acid. ^ 


Physical and Chemical Characteristics of Cherry Laurel Oil 


SpaclQc Gravity. 

Solidifying Point. 

Saponitlc. Value. 

Iodine Value. 

Mauiiiei]6 Test. 

At ly C. 

“C. 

Mi-rins. KOU. 

Per cent. 

-’C. 

0-9230 

-19 to -20 

194 

108 9 ' 

44-6 


Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Solidifying Point. 

Melting Point 

Iodine Value. 

°0. 

°C. 

Per cent 

17-15 

20-22 

112-1 


APRICOT KERNEL OIL 

French — Huile d'ahricotier. German — Aprikosenk^nol. 

Italian — Olio di albicocche {Olio di armelline). 

For tables of characteristics see p. 281. 

Apricot kernel oil is obtained from apricot kernels (Prunus armeniaca^ 
L.), which contain from 40 to 45 per cent of oil. 

The freshly expressed oil is almost colourless ; on keeping it turns 
yellow. 

With nitric acid, spec. grav. 14, apricot kernel oil assumes an 
orange colour. With BiebePs reagent (p. 291 ) a peach-blossom colour 
is obtained, which is so characteristic of the oil, that apricot kernel 
oil can be thereby identified. This colour reaction also leads to the 
detection of apricot kernel oil in almond oil if considerable proportions 
have been used for adulteration. 

^ De Negri and Fabris, Ann. d. Led). Chim. ddle Qdbdle, 1891, 173 
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The red colouration with Bieher's reagent is given by the apricot 
kernel oil even after being subjected to steam distillation for some 
hours ; the residue gave the reaction strongly, but not so the distillate. 
Even after keeping for a year the colour reaction was still distinctly 
obtained. 

The deep red colouration obtained on shaking the oil with an 
ethereal solution of phloroglucinol (one- tenth per cent solution) is not 
so characteristic of the oil as the colour test with Bieber’s reagent, 
since some almond oils (see p. 291) give the same colour reaction.^ 
It should also be noted that the colour reaction is much stronger in the 
case of fresh oils than with samples that have been kept for half a 
year and longer. 

A specimen of pressed oil obtained from Prunus armeniaca, L., 
examined by Uyeno,^ was light yellow in colour and had the following 
characteristics 


Oil- 

Spocifio gravity at 16° C. . . . 0 9180 

Solidifying point ° C. . . . . below 11 

Saponification value ° C. . . . 178-3 

Iodine value . . . , . 105-2 

Refractive index at 20° C, . . . 1-4691 

Fatty Acids— 

Insoluble acids + unsaponifiable . . . 96-74 per cent 

Specific gravity at 16° C. . . . 0 9021 

Neutralisation value . , . . 193-6 

Mean molecular weight . . . . 289-8 

Iodine value ..... 108-1 

Refractive index at 20° C. . . 1-4626 


Neither hexa- nor tetra-bromides could be obtained. 

The distillation of the mixed fatty acids at 40 mm. pressure gave 
the following result (Ross and Race ) : — 


Fraction. 

Butyro-refracto- 
meter “ Degrees. ” 

Iodine Value. 

Neutralisation 

Value. 


(2.7 C.) 



1 

460 

86-2 

203-7 

2 

470 

87-1 


3 

49-0 

89-6 > 


4 

49-6 

90-3 


5 

520 

93-1 


6 

67-0 

97-6 


Residue 

86-6 

129-6 

193-7 


ApricQt kernel oil is used as an edible oil ; in perfumery it is em- 
ployed for adulterating or wholly substituting almond oil. Apricot 
kernel oil forms an important article of commerce. The commercial 
“ almond oil, French,” is practically pure apricot kernel oil, or a mixture 

^ Lewkowitsch, Analyst, 1904, 106. 

, ^ Journ. Ohm. Ind. Tokyo, xvi. 185. 
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^LUM KERNEL OIL 

of apricot kernel and peach kernel oils (cp. p. 288). The French 
apricot kernel oil is obtained from sweet kernels ; the oil obtained from 
Japanese bitter kernels (which are imported) is not so pleasant in 
taste. ^ 


PLUM KERNEL OIL 

French — Huile de jtrunier. German — PJiaumenkenioL 
Italian — Olio di susino, olio di 

For tables of characteristics see p. 284. 

The characteristics given in the tables refer both to expressed and 
extracted oils. 

Plum kernel oil is obtained from the kernels of plums (Prunus 
domestica, L., and Prunus damasccena, L.). The oil is light yellow in 
colour, and possesses an agreeable, mild, almond-like taste. Fabris 
and Settimj ^ obtained by extraction with petroleum ether 25 pei cent 
of an oil yielding 70 per cent of liquid fatty acids. 

With nitric acid, of specific gravity 1-4, plum kernel oil gives an 
orange colour (like apricot kernel oil). With Biebefs reagent, con- 
sisting of equal parts (by weight) of concentrated sulphuric acid fuming 
nitric acid, and water, a pink colouration is obtained. 

The sample examined by Micko was comparatively fresh (acid 
value 0'55). 

The oil is chiefly used to adulterate almond oil. 

^ Cp. L. Rosenthaler and W. Schaeffer, Ph<tnn. Ze.niralbLy 1911 (52), 507. 

2 Atti del VI. Congressoy elc.y Roma, 1907, vol. v. 759. 
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Joum. Soc. Chem. /ruf., 1893, 935. ^ Determined in a capillary tube * Cold-pressed oil, eighteen months old. 
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PEACH KERNEL OIL 

French — Huile de pecker. German — Pjirsichkerndl. 

Italian — Olio di pesche^ Olio di pesco. 

For table of characteristics see p. 286. 

Peach kernel oil (peach oil) is obtained from the kernels of the 
peach (Prunus persica^ Sieb. et Zucc.) which contain 32-35 per cent of 
a pale yellow oil, resembling almond oil very closely. Dieterich states 
that the freshly expressed oil— of which he obtained 10-12 per cent 
from the kernels— smells slightly of hydrocyanic acid.^ With nitric 
acid of the specific gravity 1-4, peach kernel oil becomes first yellowish- 
brown, afterwards dirty orange. With Bieber's reagent it remains 
unchanged at first, ^ then after about half-an-hour’s standing becomes 
slightly pink, the pink colour being less strongly marked than is the 
case with apricot kernel oil. In the phloroglucinol test (see p. 291) 
peach kernel oil, like apricot kernel oil, gives a red colouration. 

Klamroth ^ states that the solid portion of the unsaponifiable 
matter in peach kernel oil consists of sitosterol absorbing two atoms 
of bromine and is free from stigmasterol. 

This oil is chiefly used for adulteration, or for substitution, of 
almond oil. The commercial “ almond oil, French,” is frequently a 
mixture of peach kernel oil with apricot kernel oil (cp. p. 288). 

The oil is also sold under the name “ Oleum amygdala) persicse,” 
this name being based on the fact that the common peach was described 
in Gray’s Supplement to the Pharmacopoeia as Afnygdalus persica, L. 

Peach kernel oil is adulterated in its turn with poppy seed oil ; 
in some cases commercial “ peach kernel oil ” was found to be hazel 
nut oil (Bennett ^). 

The seeds from Prunus hrigantiaca, Vill., grown in the south-east 
of France, furnish on expression, the commercial “ huile de marmotte.” 

^ This is confirmed by Fabris and Settimj. l^ie oil obtained by these observers gave 
84 ’5 per cent of liquid fatty acids. 

^ Lewkowitsch, Analyst, 1904, 106. ^ Jnang. Dissert., Munich, 1911. 

* Chemist and Druggist, 1908, 89, 981. 
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ALMOND OIL 

French — Huile d^amande, German — Mandelol. 

Italian — Olio di mandorle. 

For tables of characteristics see pp. 289, 290. 

Almond oil is obtained from the seeds of Prunus amygdalus, Stokes 
(Amygdalus communis, L.). The commercial oil is expressed [or 
extracted] chiefly from bitter almonds, the seeds of Prunus amygdalus, 
f var. amara. Bitter almonds contain amygdalin, and a ferment 
(emulsion) which, acting on the amygdalin, gives rise to the 
formation of benzaldehyde, glucose, and hydrocyanic acid.^ Hence 
the press-cakes obtained in the preparation of almond oil And a 
profitable outlet in the manufacture of genuine “ ethereal bitter almond 
oil ” by triturating the meal with water. 

The sweet almonds (from Prunus amygdalus, var. dulcis) are but 
rarely used alone for the preparatioti of almond oil. Mogador bitter 
almonds, which are largely used in this country for the manufacture 
of almond oil, are always more or less mixed with sweet almonds. 
The meal from sweet almonds is used in confectionery and for some 
toilet preparations. 

The oils obtained from both varieties are practically identical, 
so that no definite difference can be established by chemical means ; 
this will be seen by a glance at the accompanying table. Nor can 
a definite botanical difference be established between the two varieties 
amara and dulcis. The principal countries supplying almonds are, 
Morocco, the Canary Islands, Portugal, Spain, France, Italy, Sicily, 
Syria, and Persia. 

Sweet almonds yield from 44 to 55 per cent of oil, whereas bitter 
almonds may yield as little as 20 per cent of oil. On an average bitter 
almonds yield from 38 to 45 per cent of oil. 

Almond oil contains, according to Gusserow, no stearic acid ; this is 
confirmed by Hehner and Mitchell.'^ The almond oil glycerides consist 
chiefly of olein ; the high iodine value points, however, to the presence 
of fatty acids less saturated than oleic. Indeed, Farnsteiner isolated 
from the mixed fatty acids linolic tetrabromide corresponding to 5-79 
per cent of linolic acid. 

The distillation of the mixed fatty acids at 40 mm. pressure gave 
the following results {Ross and Race^) : 


^ Cp. K. Feist, Arch. d. Phann., 1908, 246. S. J. M. Auld, Proc. C/iem, Soc., 
1908, 97. With regard to the occurrence of arsenic in almonds cp. F. Jadiii and 
A. Anstruc, Compt. rend., 1912, 893. 
a Analyst, 1896, 828. 

* Analyst, 1911, 264.' 
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Fraction. 

Butyro-refracto- 
meter Degrees. 
(25 ° C.) 

Iodine Value. 

Neutralisation 

Value. 

1 

■ 

44-0 

82-9 

205-1 

2 

460 

84-7 


3 

47-0 

88-0 


4 

48*6 

89'9 


5 

510 

91*2 


6 

55-6 

96-7 


Residue 

82-0 

119-3 

194-6 


Contrary to older statements, almond oil does not easily turn 
rancid. A number of genuine almond oils, 12 to 18 months old, 
examined in my laboratory, had acid values varying from 0-79 to 
5*1 (see table, p. 292). 

Almond oil is largely used in pharmaceutical practice, hence the 
pharmacopoeia of each country prescribes certain reactions for identi- 
fication. Most of these, such as the specific gravity test and the elaidin 
test, are of very little use for this purpose. Of greater importance is 
the determination of the melting point of the mixed fatty acids, almond 
oil being characterised by a low melting point of its mixed fatty acids. 
According to the German Pharmacopoeia the mixed fatty acids of pure 
almond oil should remain liquid at 15° C. for an indefinite length of 
time ; mixed with an equal volume of alcohol they should give a clear 
solution at 15° C., and not become turbid on adding twice the volume 
of alcohol. Olive, sesame, arachis, and cotton seed oils may thus be 
detected. A'pricot or peach kernel oils will, however, escape detection. 

Older statements that almond oil is adulterated with the following 
oils : — poppy seed, walnut, cotton seed, sesame, arachis, olive, lard 
oils, hardly hold good to-day. It need, therefore, only be briefly 
pointed out that poppy seed, walnut, cotton seed, and also sesame 
oils would be detected by high iodine values. Confirmatory tests to 
be applied would be in the case of cotton seed oil, the Halphen 
colour test, and the melting point of the mixed fatty acids ; and in the 
case of sesame oil, the Baudouin colour reaction. Arachis oil would 
be identified by the isolation and determination of arachi'dic acid ; 
olive oil by the high melting point of the fatty acids, and the solidifying 
point of the oil itself ; lard oil by the phytosteryl acetate test. 

The chief adulterants of almond oil are apricot kernel oil and peach 
kernel oil. The latter oils are used to such an extent, that frequently 
they are entirely substituted for almond oil ; indeed “ foreign ” almond 
oil, or “ oil of sweet almonds, French,” Oleum Amygdalarum Gallicum, 
is nothing else but a mixture of apricot kernel oil and poach kernel oil. 
Genuine almond oil is sold in commerce under the name “ almond oil, 
English.’^ Pure almond oil may be differentiated from apricot and 
peach kernel oils by its lower iodine value, so that an almond oil having 
an iodine value exceeding 105 must be looked upon with suspicion. 
The differentiation of almond oil from these two oils by means of the 
colour tests described below will not lead to decisive results in every case, 
owing to the different behaviour of almond oils from various sources. 
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The close relationship in which apricot kernel and peach kernel 
oils stand to almond oil renders their detection in an adulterated almond 
oil a very difficult problem, which cannot be solved with certainty in 
the present state of our knowledge, since most ot the physical and 
chemical characteristics, including the iodine value, fail to reveal the 
presence of the kernel oils. 

In doubtful cases recourse may be had to the following colour 
reactions, which should, however, be looked upon as confirmatory 
tests only, and as more suitable for differentiating peach kernel and 
apricot kernel oils severally from almond oils, than for detecting the 
former oils when admixed with almond oil. 

Nitric Acid Test. — Almond oil, shaken with nitric acid of specific 
gravity 1-4, remains colourless, or becomes only slightly yellow, whereas 
apricot kernel oil assumes an orange yellow colour, and peach kernel oil 
becomes yellowish brown, subsequently passing into a dirty-orange colour. 

- Bieher's Test is carried out by agitating five volumes of oil with 
one volume of a mixture consisting of equal parts (by weight) of con- 
centrated sulphuric acid, fuming nitric acid, and water. Pure almond 
oil does not change its colour, whereas apricot kernel oil gives a pink 
(peach-blossom) colour, and peach kernel a faint pink colouration after 
standing for some little time. I find that it is necessary to prepare 
Bieher’s reagent afresh for each test ; it should also be noted that the 
colour reaction is much more distinct in the case of freshly expressed 
oil than in the case of a sample which has been kept for half a year and 
longer (LewJcowitsch). 

Whereas it is thus possible to differentiate broadly almond oil 
from apricot and peach kernel oils, it would be hazardous to pronounce 
adulteration on the strength of these colour tests alone. Mixtures of 
almond oil and apricot kernel oil containing equal parts of each oil still 
show distinctly the colour reaction of the latter, but mixtures containing 
25 per cent of apricot kernel oil can no longer be detected with certainty 
(LewJcowitsch ^). 

Kecently, a per cent solution of phloroglucinol in ether, applied 
in the presence of nitric acid, has been proposed to detect apricot kernel 
and peach kernel oils.^ Nitric acid of specific gravity 1-45 gives, in 
my experience, better results than the acid of 1-42 specific gravity 
recommended by Chwolles. Undoubtedly apricot kernel oil and 
peach kernel oil give distinct deep red colourations with the reagent, 
in contradistinction to some almond oils ; yet other specimens of 
genuine almond oils tested in my laboratory (see table, p. 292) show 
the same reaction more or less strongly. This test must, therefore, 
be employed with even greater circumspection than Bieber’s test. 

In the following table I have collated a number of tests carried 
out with genuine almond oils. A comparison of these numbers with 
those given for apricot and peach kernel oils, will, in doubtful cases, 
render some assistance to the analyst. 

^ Analyst^ 1904, 106. ' 

^ Chwolles, Phann. Zeit., 1903, 109. The reagent was first proposed by Kreis. 
Cp. Fahrion, Zeitschr. f. angev\ Chem., 1904, 869. 
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The following refractive indices for different rays, have been deter- 
mined by Ross ; ^ unfortunately, these numbers do not furnish a 
means of differentiating almond oil from the related oils. 


Refractive Indices 20 Degrees Centigrade (Ross) 


Oil 

D 

C 

F 

G 

No. 1 

1-4715 

1-4688 

1-4780 

1-4835 

„ 2 

1-4715 

1-4688 

1-4780 

1-4836 

M 3 

1-4711 

1-4685 

1-4777 

1-4833 

„ 4 

1-4712 

1-4686 

1-4778 

1-4834 

n 5 

1-4710 

1-4685 

1-4777 

1-4833 

„ 6 1 

1-4714 

1-4688 

1-4780 

1-4835 

„ 7 

1-4710 

1-4685 

1-4776 

1-4832 

n 8 

1-4717 

1-4692 

1-4784 

1-4839 

n 9 

1-4715 

1-4690 

1-4782 

1-4837 

„ 10 

1-4725 

1 -4700 

1-4792 

1-4847 


Almond oil is too expensive to admit of any other use than ... 
pharmaceutical practice and for high-class toilet soap. Statements 
in the technical literature and even in patent specifications as to the 
employment of almond oil in the manufacture of oil varnishes must 
therefore be accepted with the greatest reserve. Although its price 
would not militate against its use as a lubricating oil for fine machinery, 
it cannot be recommended for this purpose. 


WHEAT-MEAL OIL 

French — Hude de farine defroment, German — Weizenmehlol. 
Italian — Olio di farina di frumenio. 

This oil is extracted from wheat flour, ^ and must not be confounded 
with wheat oil. The proportion of fat in ten samples of wheat meal 
examined by Plucker^ varied from 0-99 to 1'63 per cent. 


Physical and Chemical Characteristics of JVheat-Meal Oil 


Specific Gravity 
at 100“ 

(water 15“ C. = 1), 

Saponifica- 

tion 

Value. 

Reichert- 

Mei.ssl 

Value. 

lodmo 

Value. 

Refractive 

Index 

At 25“ C. 

Observer. 

0-9068 

166-5 (?) 

2-8 

101-5 

1-4861 

Spaeth 





Butyro- 
refVacto- ‘ 
meter. 

“ Degrees.” 


... 

182-8 

2-95-4-96 * 

96-1-112-5^ 

92 

92 

De Negri 
and Fabris 
Pliicker 


* Analyst^ 1904, 106. 

^ Spaeth, Analyst, 1896, 234. Cp. Chetn. Revue, 1904, 127. 
^ Zeita. f. Unters. d. Nahrgs- u. Genussin., 1907 (xiv.), 751. 
Minimum and maximum numbers of ten samples. 
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SANGUINELLA^ OIL, DOGWOOD OIL, CORNEL OIL 

Frencli — Huile de cornouiller. German — Hartriegelol. 

Italian — Olio di sanguinella. 

Tlie seeds of the dogwood (cornel tree), Cornus sanguinea, L., 
contain 55 per cent of a greenish-yellow oil. Gnmaldi gives a colour 
reaction for the detection of cornel oil in olive oil ; for the description 
of the colour test the reader is referred to the original.^ Sanguinella 
oil is used in Italy as a burning oil, and for soapmaking. 


Physical and Chemical Characteristics of Sa)iguinella Oil 


Specific Gravity 
at 15° C. 

Solidifying 

Point. 

Saponlflc. 

Value. 

Mgnns.KOH. 

Iodine 
Value. 
Per cent. 

Maumen^ 

Test. 

C. 

Butyro- 

refracto- 

meter. 

Observer. 

0-921 

-15 

19211 

100-8 

52 


De Negri 







and 

0*921-0-9225 

-12 to -15 

192-192-5 

100-101 

53-54* 

C2-63 

“Degrees” 

Fabris 

Grimaldi 

1 



1 


at 25° C. 

1 



Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Solidifying Point 

“C. 1 

Melting Point. 

1 °0. 

1 

1 Neutralisation 
Value 

Mgriiis. KOH. 

Iodine Value. 
Per ceat. 

Observer, 

31-29 

34-37 

i 

195*1 

10275 

J 

N. and F. 


ACORN OIL^ 

French — Huile de gland. German — Eicheckernol ; Eichelbl. 

Italian — Olio di ghiande. 

This oil is obtained by extracting the fruit of Quercus agrifolia. 
It is a deep brown fluorescent oil, from which after long standing some 
“ stearine ” separates. 


Physical and Chemical Constants of Acorn Oil 


Specific Gravity 
at 16° C. 

Solidifying Point.] 
’C. j 

1 Saponification 

1 Value. 

1 

Iodine 

Value. 

Ma«men6 
Test. 'C. 

Refractive 

Index. 

0 9162 

10 

199*3 

1007 

60 

1-4731 


The melting point of the fatty acids is 25° C. 


^ De Negri and Fabris, Aumli, etc., 181. 

® Staz. sperivi. agrar. ital., 1911 (44), 291. 

< Blasdale, Journ. Soc. Chen. Ind., 1896, 206. 


^ In Tortelli’b thermoleometer. 
® Jean’s thermelceometer. 
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CALIFORNIAN NUTMEG OIL ^ 

French — Huile de mix de Californie, German — Kalifornisches 
Muskatol. Italian — Olio di noci di California. 

Californian nutmeg oil is obtained from the fruit of Tumion cali- 
fornicum. 

Physical and Chemical Characteristics of Californian Nutmeg Oil 


Specific Gravity 
at 15“ C. 

Saponific. Value. 
Mgrma. KOH. 

Iodine Value. 
Per cent. 

Maumend Test. 
“C. 

Refractive Index. 

0-9072 

191 3 

94-7 

772 

1-4766 


The melting point of the fatty acids is 19° C. 


OWALA OIL,^ FULLA PANZA OIL,** ATTA SEED OIL. 

French — Huile d’owala. German — Owala Ol. 

Italian — Olio di owala. 

^ For tables of characteristics see p. 296. 

This oil is obtained from the seeds ^ of Pentaclethra macro'phylla, 
Benth., a Mimosea growing on* ^e West Coast of Africa.^ The seeds, 
termed by the natives “ owala ” (Gaboon), “ opachala ” (Sousouland), 
or atta beans,” “ fai beans ” have the form of a mussel ; they consist 
of 20*6 per cent of husks and 794 per cent of kernels. The weight of 
the whole seeds varies from 8 to 20 grms. The seeds yield 304 per 
cent, and the kernels 41-6 per cent of oil. 

The oil (extracted with ether) has a faint yellowish colour, pleasant 
taste, and aromatic odour. 

A specimen of oil prepared by the natives and supplied to the 
author (through reliable sources) yielded on examination (by the 
lead-salt- ether method) in two experiments, 24-7-28'60 per cent of liquid 
acids and 70*2-74’8 per cent of solid acids. The mean molecular weights 
of the acids were respectively 320 and 346. From the solid acids an 
acid melting at 78-79° C., and crystallising in white laminae, was 
isolated. This oil contained 2*74 per cent of unsaponifiable matter. 
Oil prepared in the author’s laboratory from the seeds by extraction % 
with ether yielded 2-50 per cent of unsaponifiable matter (Wedemeyer 
0*54 per cent, Grimme 3*2 per cent). 

^ Blasdalc, Journ, Soc. Chem. huL, 1896, 206. By Jeau’.s thcnrielyeoiueter. 

'* Wedemeyer, Chem. Rev., 1906, 210; Bull. Imp, Inst., 1907, 10. 

^ The native name for the seeds and the oil in the Congo is Fnlla Panza seeds and 
Full^ Panza oil. In Angola the bceds are known as “Nulla Panza.” 

° E. Drabble, t^uart. .Journ. Inst, of Comm. Research (Liverpool University), 1907, 
April ; Cl. Grimme, Chem. Rev., 1910, 157, cp. “Dika Oit.” 




Phystajd and Chemical Characteridics of Owala Oil 



Determined in the. author’s laboratory. a Chem, Rev., 1910, 158. 
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ARACHIS OIL, PEANUT OIL, EARTHNUT OIL, GROUND NUT OIL 

French — Huile d’arachide. German — Arachisolj ErdnussoL 
Italian — Olio di arachide. 

For table of characteristics see pp. 307-309. 

Arachis oil is obtained from the seeds of Arachis hyj)ogcBa, L. (Legu- 
minosw) known as earthnuts (“ monkey nuts ”). 

The cultivation of the arachis plant dates back so far in history 
that its origin cannot be located with certainty ; but it is generally 
assumed that the home of the arachis nut is Brazil. Arachis hypogcea 
' represents a cultivated variety derived from A. prostrata, Benth.^ 

The arachis plant is chiefly cultivated ^ in Japan, the East Indies, 
Burma, China, Indo-China, Java, Mozambique, the West Coast of 
Africa (latterly also in Togo ^ and Southern and Northern ^ Nigeria), 
Madagascar, Algeria, Egypt, Spain, Sicily, the United States of America 
(chiefly in Virginia,® Georgia, Tennessee, and North Carolina ®), Mexico, 
Brazil, La Plata (especially in the provinces Salta Jujun, Tucuman, 
Santiago del Estero, Chaco, Formosa, Cordoba, and Santa Fe of the 
Argentine), and also in the following West Indian Islands : Jamaica, 
Trinidad, Grenada, Carriacou, St. Vincent, St. Lucien, Santa Lucia, 
Barbados, St. Kitts. The East Indian and the West African nuts 
represent two distinct varieties. The Indian (Bombay and Coromandel) 
and Mozambique earthnuts are usually decorticated before shipment 
to Europe. As they undergo “ heating ” on the voyage, they cannot 
be used for the production of best edible oil, and are mainly worked 
up for soap oils. The nuts from the Coromandel coast are wholly 
worked up for soap oil ; those from Bombay yield oil of somewhat 
bette?: quality, which can be used as a lower quality of edible oil but is 
chiefly employed as lubricating oil, for oiling wool, etc. The Mozam- 
bique nuts yield an edible oil of inferior quality, as only those seeds 
which are imported in fheir shells furnish the finest edible oils. Less 
important in the world’s commerce are the arachis nuts produced in 
Japan, Madagascar, Egypt, and Mexico. 

^ Cp. Marcel Duiaiit, Bull, du Afushim d'histoire naturelle, 1906 (5), 340 ; J. Adam, 
L'Arachide ; ctdliire, produits, comnerce, etc., Pari.s, 1908. Th. Fleiiry, L' Arachide 
^ {principalement celle de la Si^nigamhie), Bordeaux, Ferret et fils, 1900. 

^ With regard to the diseases of the arachis plant cp. A. Zimmermann, I)er FJlanzer, 
1907, V. 125. 

^ The experiments made in Togo have up till now not led to satisfactory results. 

Cp. Bull, Imp. Inst., 1910, 163. A Chevalier, Les VSgUaux utiles de V Afrique 
tfopicale fran^ise, vol. i. fascicules I-V. 

* The Virginia nuts are stated to contain normally 0*015 per cent of boric acid. 
{Chm. Zeit., 1909, 307). 

® ITie cultivation of arachis nuts in the United States is being rapidly eltended 
. Especially in the Southern part of Arkansas, the Eastern part of Texas, the Northern 
part of Louisiana, and the South of Mississippi. 
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The arachis nuts grown in the United States are almost exclusively 
worked up for edible oil. The home-grown seeds do not suffice for the 
demand, and therefore large quantities must be imported. Since 
decorticated nuts would be useless to the American oil manufacturer 
(owing to the changes they undergo during the voyage), nuts are 
imported exclusively in the shell from the West Coast of Africa. The 
largest arachis nuts are obtained from the plants cultivated in Fiji. 

The chief producer of arachis nuts is Senegal. The quantities 
shipped to Europe are set out in the following table 


[Table 



Exjiorls of Arachis Nuts in Shells from Senegal 




Exports of Arachis Nnls in ShdU from Senegal 



nut. exposed f,om tl.e Ga.„b„ Colony and Protector** 
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The value of the exports of araclus nuts from East India is given 
in the following table : — 



The chief centres of the arachis oil industry are Marseilles, Bordeaux, 
Dunkirk, Valencia, Trieste, and Delft. 

The quantities of arachis nuts imported into France, and Marseilles 
in particular, are set out in the following table : — 
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V 

Imports of Aracks Nuts into France and Marseilles 
Kilograms * 


Yw. 

Id Shells. 

Decorticated. 

1 






France. 

Maraeilles. 

France. 

Mai sei lies. 

1896 

64,2.52,365 

27,680,697 

48,884,155 

45,199,413 

1897 

61,440,732 

30,414.186 

6.959,204 

6,753,230 

1898 

93,684,247 

59,412,500 

4,764,114 

4,763,984 

1899 

94.495,450 

60,685,291 

11,786,721 

7,232,671 

1900 

134,266,526 

81,050,270 

24,29.5,979 

22,520,879 

1901 

120,408,208 

72,092,808 

58,132,22! 

54,486.709 

1902 

104,944,3.50 

61,649,228 

119,451,509 

110,814,639 

1903 

146,888,425 

94,116,177 

100,339,519 

86,223,015 

1904 

134.658,090 

81,961,845 

110,067,445 

99,392,3.59 

1905 

102,900,986 

57,106,499 

100,746,178 

97, 092,. 561 

■ 1906 

109,871,900 

72,927,138 

114,210,900 

110,729,835 

1907 

163,241,200 

120,5.50,102 

117,404,000 

109,230,215 

1908 

154,083,000 

102,188,000 

84,807,000 

85,653,000 

1909 

219,208,000 

1.55,0.56,000 

160,140,000 

170,012,000 

1910 

241,208,000 

147,727,000 

178,077,000 

166,621,000 

1911 

216,770,000 

148,838,000 

178,379,000 

202,274,000 


It will be seen that Marseilles receives more than half the araohis 
nuts (both in shells and decorticated) exported from the West Coast 
of Africa. These nuts are classed according to their quality as follows 

Rufisque, Cayor 
Sine . 

Nianing and Joal 
Saloum 
Gambia 
Galam 

Casamanca . 

Bissao 
Boulam 
Rio-Nuncz . 


1 2nd quality 
1 3rd quality 


Imports of Arachis Nuts into Germany 
Metric Tons 


British West Africa . 
German East Africa , 
French West Africa . 
Portuguese East Africa 
Portuguese West Africa 
India 
China . 

French East Indies 
Dutch 'East Indies 
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Imj^rts into and Exports from Germany of Arachis Oil 
Metric Tons 


Imports. I Exports. 





1 

From 

1911. 

1912. 

To 

1 1911. 

1912. 

France . 

155 

417 

Belgium . 

389 

198 

Holland 

260 

632* 

Denmark 

2042 

2969 




United Kingdom . 

873 ' 

2230 




Holland . 

1343 

1881 




Norway . 

244 1 

774 




Austria-Hungary . 

1 i 

258 




Sweden . . , 

; 1307 ! 

1921 




Switzerland . 

643 { 

412 




United States of 



_ ! 



America 

38 1 

1 

955 


The importance of the Dutch arachis nut trade is shown by the 
following table : — 


Year. 

Imports. 

Exports. 


' 

Metric Tons. ' 

Metric Tons. 

1901 

21,634 

6,312 

1902 

27,155 

10,755 

1903 

32,948 

13,000 

1904 

37,937 ! 

12,607 

1905 

26,660 i 

6,318 

1906 1 

26,957 1 

11,250 

1907 1 

27,296 1 

9,367 

1908 

37,951 

14,248 

1909 1 

61,761 

20.556 

1910 

58,697 

12,117 

1911 

47,581 

12,762 


The exports of earthnuts from Java in 1910 were 18,000 tons; m 
1911, 25,000 tons; and in 1912, 11,400 tons. 


Exports of Arachis Nuts from Gambia 




Tons. 

' £ 

1908 

31,964 

245,084 

1909 

53,644 

j 323,231 

1910 1 

68,456 

! 387,943 

1911 1 

47,931 

; 437,472 

1912 

64,169 

1 602,069 


The following data are taken from actual results on a large scale 
in South of Europe oil mills. Arachis nuts in shells coming from 



304 OLYCERIBES-^NOK-DBY^a OILS pSA?. 

ftufijBque, Saloum, Sine, Gambia — termed in the trade “ haut de t6te 
-contain 35-36 per cent of oil ; the kernels alone contain 60-51 per 
cent. On a large scale the nuts yield 28-30 per cent of shells and 
«31-5-32‘5 per cent of oil, the press cakes retaining from 8 to 9 per cent 
of oil. Calculated on the kernels, they yield 44:*5-46‘5 per cent of oil. 

The Casamanca nuts — termed in the trade “ has de cote contaili 
34-35 per cent of oil, and the kernels 50 per cent. On a large scale 
they yield 30-32 per cent of shells and 30'5-31-6 per cent of oil. 

The decorticated Bombay and Coromandel ^ nuts contain 42 to 44 
per cent of oil. On a large scale they yield 36 to 38 per cent of oil. 
Decorticated Mozambique nuts contain 46 to 48 per cent of oil, and 
yield on a large scale 40 to 42 per cent. 

La Pkta nuts yielded only 27*5-28 per cent of oil. This oil is, as a , 
rule, paler than the oil from West African nuts.^ 

^ Arachis nuts harvested in the Cameroons seem to be the richest in 
content of oil. Nuts harvested in Lomie were found to contain 9*86 
per cent of water and 65*7 per cent of fat calculated on dry kernels. 
The richness of the kernels as regards oil seems to depend on conditions 
of soil and cultivation ; the more inland the nuts are harvested the 
better seems to be their condition. 

The nuts are first shelled, if necessary, by special machinery, and 
the inner or red skin ^ which surrounds the kernel is removed as com- 
pletely as possible by a blast of air, in a manner similar to that employed 
for cleaning wheat in flour mills. The husks are as a rule blown into 
the boiler-house to serve as fuel, or are ground and mixed with the 
arachis meal. The inner skins are added to the refuse meal, and are 
expressed with it. . The separated and cleaned kernels are then ground 
and subjected to hydraulic pressure. Since the kernels contain 'from 
43 to 46 per cent of oil, expression of the oil is carried out in two stages 
(cp.' Chap. XIIL). Frequently the meal is expressed three times. 
The first expression takes place at the ordinary temperature, the second 
at a temperature of 30^ to 32° C., and the third at 60° to 55° C. 

' The “ cold drawn oil ” of the first expression is nearly colourless, 
and has a pleasant taste recalling the flavour of kidney beans. It 
is used as salad oil, and sold under the name “ huile surfine ” de 
Rufisque, Gambia, Sine, etc. The oil obtained by second expression 
also serves for edible purposes or for burning. The third quality, 
expressed at the highest temperature, is chiefly used for soap-making. 
This oil is somewhat thick and turbid, and must therefore be brightened 
by filtration. 

A comparison of the specific gravities and iodine values of different 
arachis oils of first expression and second expression has been given 
by Wijs} For edible purposes the oil is required to be almost water 
white ; hence it is filtered over fuller’s earth or charcoal (cp. Vol. III. 

^ Decorticated coroiiiaiidel nuts are bought in Marseilles only on conditio^ that , 
foreign matters do not exceed 3 per cent. 

J. Adam, U Aradiide, etc., p. 88. 

These skins contain on an average 14 per cent of oil (C. S. Fuchs, Cfiem, Zeit., 
1911, 358). 

Wijs, Zeits.f, Unters. d. Nahrgs- u. Oemmm., 1903, 492. 
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Chap. XV. “ EdiBle Oils ”). It should be noted that arachis oil is 
usually pressed in the same establishment as sesame oil, and since it 
is impossible to keep presses and press cloths separate for each kind 
of oil, commercial arachis oil contains a sufficient amount of sesame oil 
to give the colour reaction of the latter faintly. Due regard should be 
paid to this fact in judging a commercial sample of arachis oil which 
gives a faint Baudouin reaction.^ 

The cakes serve as an excellent cattle food, as they contain the 
highest amount of proteins of all known oil cakes ; moreover, these 
proteins are more easily digested than those of other cakes. (Witli 
regard to the alleged toxic effect observed occasionally after feeding 
cattle with arachis cake, compare BenecJce,^ Kruger, ^ Mooser,^ Lewko- 
wiisch,^ Hefter.^) The (;akes from non-decorticated nuts contain 5-35 
per cent of nitrogen and 0-9 per cent of phosphoric acid ; cakes from 
decorticated nuts contain 7*9 per cent of nitrogen and 1-35 per cent 
of phosphoric acid. The cakes from damaged or mouldy seeds serve 
as a valuable fertiliser in the South of France and in Italy (especially 
for early fruit). 

On standing slightly above 0° C. arachis oil deposits a “ stearine,” 
which does not readily settle out as a crystalline mass. A number of 
experiments carried out by the author’^ show that even when crystals are 
once obtained, the very slight rise of temperature caused by handling 
the material suffices cither to melt the crystalline mass, or to convert 
it into a gelatinous form, which withstands all attempts at filtering. 

If the stearine ” has settled out by prolonged standing in the 
cold, an arachis oil less rich in solid glycerides can be drawn off leaving 
the “ stearine ” behind. A “ margarine d’arachide ” of the iodine 
value 79-4, melting point 21-5° C., represents a “ stearine ” so obtained 
on a large scale.^ 

Palmitic acid, stated by Caldwell^ to occur in arachis oil, could 
not be detected by KreilingP Gossmann was the first to prove the 
presence of arachidic acid. Kreiling detected lignoceric acid, which 
can be separated from arachidic acid by means of alcohol (cp. below). 
The occurrence of stearic acid amongst the solid fatty acids was assumed 
by Hehner and Mitchell}^ a specimen of oil examined by them having 
given 7 per cent of “ stearic acid ” crystals of the melting point 67° C. 
This “ stearic ” acid no doubt consisted chiefly of “ arachidic ” acid, 
of which arachis oil contains about 5 per cent. Indeed it has been 
shown by Meyer and Beer to consist of a mixture of lignoceric and 
arachidic acids. 

Gossmann and SchevenP and also Schroder}^ claim to have found 


^ (g). .also Fendler, Zeits, f. Unters. d. Nahrgs- Genusstn., 1903, 411. 

2 Landv\ Versuchssf., 34,' 14.5. » Gkem. Zed., 1906, 999. 

Landv'. Versuchsst,, 1904, 331. down. Soc, Chon. Ltd., 1908, 430, 

“ Sei/ensiider Zeit, 1908, 1277. 

^ Lewkowitscli, Journ. Chon. Tnd., 1903, 692. 

® Wijs, Zeits. f. Unters. d. Nahrgs- n. Oenns.sm,, 1903, 492. 

9 Liebigs AnnaL, 1857 (101), 97. BerirMe, 1888, 880. 

“ Analyst, 1896, 328. Monatsh.f. Chem., 1913, 1195. 

Liebig's AnnaL, 1855 (94), 230. Ibid. 143, 22. 

VOL. II 


X 
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amongst the liquid fatty acids hypogeeic acid (Vol. L p. 176), whereas 
^choen} asserted that oleic acid is the only unsaturated acid in arachis 
oil. Hazura's^ conjecture that hypogaeic acid forms a constituent 
of the unsaturated glycerides in arachis oil is confirmed by the fact 
that synthetical hypogeeic acid has the same properties as the natural 
acid in arachis oil found by Goss'tmnn and Scheven, and by Schroder. 
Meyer and Beer^ however, could not detect this acid. These observers 
state that the unsaturated fatty acids consist of oleic and linolic acids ex- 
clusively. Hazura and Griissner further identified linolic acid. Farn- 
steiner calculated the amount of this acid in an arachis oil having the 
iodine value 82-9, as about 6 per cent of the mixed fatty acids. Judging 
from the iodine value of the liquid 'fatty acids, as given in the table of 
characteristics of the insoluble fatty acids, this proportion appears much 
too low. In somewhat better agreement with the numbers given in 
the table is FarnsteineFs statement, that the insoluble fatty acids 
contain, besides oleic acid, 30-3 per cent of liquid fatty acids, of which 
linolic acid only forms a fraction. Since arachis oil contains no linolenic 
acid, the deficiency of unsaturated acids (to account for the high iodine 
value of the insoluble liquid fatty acids) may perhaps be explained, 
pending further investigation, by the assumption that hypogieic tetra- 
bromide is soluble in petroleum ether ; it may also be explained by 
RolMs theory (cp. Vol. I. p. 198). 

The true acetyl value of a sample of arachis oil of the acid value 
2-17 was 9-02 to 9-09 {Lewhwitsch). The “ cold-drawn ” oils contain 
only small amounts of free fatty acids ; in commercial oils it is somewhat 
higher. In the following table I collate a number of observations 


Nu 

Description of Oil. 

Numbei of 
SaniplcM. 

Froo Fntty Acids, mtcrmH 
of Oloic Acid 

Obspr\er. 1 

1 

Expressed, .salad oil 

13 

Por cent. 

0 85 to ;]-oi 

Nordlin^cr 

2 

Expressed, commercial oil 

12 

3-58 to 10-61 


3 

Extracted oil . 

It) 

0-95 to 8 85 

Thomson and 

4 

Refined oil . 

1 

0-62 

5 

Commercial oil . , ; 

1 

6-20 

‘ Ballantyne 

^ i 

Indian oil . , 

1 

2-9 

Crossloy and 

7 i 


1 

4-8 

Le Siienr 

8 1 

MM . # • 

' 1 

16-5 


y 

n „ . - - 

1 1 

13-1 



Oils No. 4 and No. 6 contained 0*54 and 0-94 per cent of unsaponifi- 
able matter respectively. Oils No. 6, 7, 8, 9, showed in a Laurent 
polarimeter, in a 200 mm. tube the rotations - 0°7', +0°24', ±0°0', 
and -0°7' respectively; the optical activity cannot, therefore, be 
caused by the glycerides themselves. 

^ Liebigs AnnaL, 244, 253 ; Beridite, 1888, 878. 

Monatsh. f. Chm. 10, 242. 



Physical aiid Chemical Characteristics of Arachis Oil 


ARACHIS OIL 


307 




’S)-C 


fl £5 


- >> 3 

Hr 


3 too £ 
o 3 


»o 

^2 


ir 

—' <M ^ 

2c< 

O 3> Q 


(N 

QO 

,§ 


'T3 © TS 

c a c 

c8 >■> aj 

S 3 M 2 

H Q 


CO ^ Xs ' 


• Pm 

'T3 <D T) 
fl c c 

03 C(3 

? c 'C 

fl c3 tofi 
d =fl 


05 05 05 05 

6 666 


73 

§ S 


..H O) 

^ e 

OH 


O X;r 


fl 


O (01 CO CO Ol 

O ■)“ + + + 




:;:3 


10 »o ^ 

.02:2:2 

p 05 05 «0 p 

p-H O O I— ( o 

9 06 6 9 
o ^ fo o o 

6 6 


6^. 


'fl « S 


9^ II 9p 
12 ^10 12 ^ 
0.6 


i(^ 


b *2 


9'fl S 

-S I 2 

a « p 

S fl K 

§6 c « 

r s s 
"" § li 



Plujsical and Chemical Characteristics of Arachis Oil — -continued 


308 


GLYCERIDES — NON-DRYING OILS 


CHAP. XIV 



By Jean’s tbennelaeometer. 
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CHAP. 


Arachis oil can be identified and detected with certainty by the 
isolation of “ arachidic acid,” which represents a mixture of arachidic 
and lignoceric acids, and will be termed here “ crude arachidic acid.” 

The method originally proposed by Renard ^ is carried out in the 
following manner : — Saponify 10 grms. of the oil, separate the fatty acids 
from ^the soap solution by hydrochloric acid, dissolve them in 90 per 
cent alcohol, and add a solution of lead acetate. The author shortens 
the process by neutralising the excess of alkali with acetic acid, using 
phenolplithalein as an indicator, and precipitating with lead acetate 
without previously isolating the fatty acids.^ Filter off the precipitated 
lead salts, and separate the lead salts of the unsaturated acids from 
those of the saturated fatty acids (as described Vol. 1. p. 545). Decom- 
pose the latter with hydrochloric acid under ether, separate the ethereal 
layer of the fatty acids and distil oil the ether. Next dissolve the 
residue in 50 c.c. of hot 90 per cent (by volume) alcohol. On cooling 
the alcoholic solution “ crude arachidic acid ” separates out in a 
crystalline form. Filter the crystals ofi and wash on the filter, first 
with a measured quantity of 90 per cent, then with 70 per cent (by 
volume) alcohol (which dissolves but small quantities), and finally 
pour boiling absolute alcohol on the filter, receiving the filtrate in a 
porcelain dish or in a flask. Evaporate to dryness and weigh the 
residue. Add to the weight of crude arachidic acid thus found the 
quantity dissolved by the 90 per cent alcohol, taking as basis for calcula- 
tion that 100 c.c. dissolve 0-022 grm. at 15° C., or 0-045 grm. at 20° C. 
Finally determine the melting point of the crude arachidic acid : it 
should be from 71° to 72° C. Renard isolated 4-5 to 5-0 per cent, 
Alkn 5-5, and De Negn and Fahris 4-37 to 4-80 per cent of “ arachidic 
acid ” from samples of genuine arachis oil. Hence the amount of acid 
found represents approximately .4^ of the arachis oil. By multqilying 
the weight of the crude arachidic acid found in a sample by 20 the 
amount of arachis oil actually present is derived. Bellier ^ jiroposes 
the factor 23*81. 

De Negri and Fahris ^ obtained the following numbers from mixtures 
of olive oil and arachis oil. 


‘ CompL rend., 1871 (73), 1330. 

Kreis (Joiun. Sac. Cfiem. Ind., 1895, 088) suggests the use of an alcoholic solution 
of lead acetate. 

■' Ann. chim. anal, appl., 1899 [4], 4. 

■* Annali del Laboralono Chiniico delle (Jahelle, 1891-92, 123. 
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Sample containing 

Crude Arachidic Acid found. 


Arachis 

Oil 

lound. 

Olive Oil. 

Arachis Oil. 

Weighed as Crystals. 

Calculated as clissolved. 

Total. 

Per cent. 

Per cent. 

Per cent. 

Grms. 

Grin«i. 

Grms. 


70 

30 

0-107 

0-0315 

0-1385 

29-08 

80 

20 

0-0605 

0 0315 

0-0920 

20-24 

85 

15 

0-0385 

0 0315 

0-070 

14-00 

90 

10 

0-0200 

0-0315 

0-0515 

10-80 

90 

90 

10 

10 

traoea 

0-0280 

0-0154 

0-0434 

9-54 

90 

10 

traces 





It will tlius be seen that by using 10 grms. of a suspected olive oil, 
the limit of accuracy is reached if it contain only 10 per cent of arachis 
oil. Therefore from 20 to 40 grms. of a sample should be employed ; 
the proportions of 90 per cent alcohol must then be doubled or 
quadrupled. 

Tortelli and Ruggen} in an exhaustive examination of Renard's 
method, found that the solubilities in 90 per cent alcohol given by 
Renard are too low. Their method leads to a crude arachidic acid 
(see below) melting from 74-75*5'^ C. ; for this acid the following solu- 
bilities were ascertained : — 


100 c,c. of 90 'per cent AlcoJiol dissolve Crude Acid of M.R. 74'’-75'5° C. 




Amount of Acid dissolved I 


Amount of 

Mcltniig 




The amount of Ciude Acid 

Acid taken. 

Point. 

At 15“ C. 

17-6“ C. 

20“ C. 

('iiiployed conespoiids to 

Grms. 

= 0. 

Grms. 

Grms. 

Gnns, 


2-7000 

74-3-74-5 

0 0729 

0 0820 

0 0910 

1 

1 -5600 

75-1-7.5 5 

0-0715 

0 0801 

0 0922 

[ More than 20 grms o( arachis oil 

1-2506 

74-8-75-5 

0-0730 

0 0811 

0-0902 


roooo 

74-3-74 5 

0 0688 

0 0866 

0-0914 

1 About 20 grms of arachis oil 

0-9604 

74-0-74 6 

0-0680 

0-0869 

0-0918 

0-5503 

74 0-74 6 

0 0650 

0-0806 

0-0879 

1 Mixtures containing about 50 per 

0-5008 

74 0-74 6 

0-0643 

0 0799 

0-0844 

j cent of arachis oil 

0 3899 

74-4-75 5 

0-0602 

0-0673 

0 0740 

/Mixtures containing 40 per cent 
of arachis oil 

0-2616 

74-75 

0-0539 

0-0610 

1 

0 0680 

t Mixtures containing 27 per cent 
\ of arachis oil 

0-1690‘ 

74-75 

! 

0 0447 

0-0544 

0 0662 

1 Mixtures containing 18 per cent 
\ of arachis oil 

0-1064 

74-75 

0-0343 ' 

0-0402 

0-0472 

/Mixtures containing 11 per cent 
\ of arachis oil 

0-0504 

74 7*75-5 

0-0301 

0-0398 


\ Mixtures containing 5 per cent 

0-0505 

74 2-74-6 

0-0314 

i 

0-0410 


/ of arachis oil 


For practical purposes these numbers may be summarised as 
follows : — 


^ Joum. Soc, Chem. Ind., 1898, 877. 
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100 C.C, of 90 per cent Alcohol dissolve Crude Acid of M.F. 74°-75‘5° C, 


For Amount of Acid. 

At 15' C. 

17-5* C. 

20* C. 

From 2 '7 down to 0*6 grins. 

0*070 

0*080 

0-090 

„ 0-47 „ 0'17 „ 

0 050 

0-060 

0-070 

,, 0-11 „ 0*05 ,, 

0-033 

0-040 

0-045 


In order to obtain crude arachidic acid of the melting ])oint74:°-75'5°C. 
Tortelli and Ruggeri modify tlie Reyiard test as follows : — The lead 
salts of the solid fatty acids are prepared from 20 grins, of oil as described 
above, the liberated solid acids dissolved in 100 ex. of 90 per cent alcohol 
by warming on the water-bath to about 60'^ C. (if a slight turbidity is 
noticed one drop of very dilute hydrochloric acid is added) and allowed 
to stand for three hours at 15° to 20° C. The separated acid is thrown 
on a filter, the filtered alcoholic solution being used to transfer the 
crystals completely on to the filter. The crystals are washed three 
times each with 10 c.c. of 90 per cent alcohol, and then several times 
with 70 per cent alcohol. The crystals on the filter are dissolved in 
boiling absolute alcohol, the solution is received in a flask, the alcohol 
distilled ofi, the residue dissolved in 100 c.c of 90 per cent alcohol 
as described already, and the crystals washed on a filter with 90 per 
cent and 70 per cent alcohol, exactly as before. The washing with 
70 per cent alcohol is finished when the wash-alcohol no longer dissolves 
appreciable quantities,^ Finally the crystals are dissolved in absolute 
alcohol, and their weight is determined. 

The crystals should melt between 74° and 75-5° C. On observing 
the alcoholic solution of the solid fatty acids when taken from the 
water-bath to cool, it will be readily noticed that the crystals represent 
a mixture of arachidic and lignoceric acids. At first very fine, lustrous 
needles separate in tufts— lignoceric acid ; afterwards there appear 
larger quantities of very thm, shining laminae of nacreous lustre — 
arachidic acid. The separation commences in the case of pure arachis 
oil at about 35° to 38° C., tlie temperature of crystallisation falling as 
the proportion of arachis oil in a given sample decreases (cp. table 
p. 313). The following table gives the amounts of “ arachidic acid ’’ 
found in some arachis oils by Tortelli and Ruggeri : — 


^ E. Bertnicliand ieco)iiiiieii(K to cany out the washing opeiatioiis with tlie aid of a 
vacuum. Amial. tally t fie , IhlO, f)7. 
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Crude Arachidic Add fomd in Arachis Oils 



Crude Acid 

SoQTce of OIL 



Per cent. 

Melting Point. 


Buenos Ayres, expressed at 45® to 50® 0. 

5-24 

74 4-74*7 

,, extracted with other 

Rufisque, first expression 

4-92 

74 2-74*8 

4-31 

74*2-74 6 

,, second expression . 

Gambia, first expression 

4-55 

74*4-75 2 

4*59 

74*5-75 1 

Commercial, French 

5*33 

74 *1-/4 *4 

,, Spanish .... 

5*40 

71*3-75*4 


Fbr practical purposes 4-8 per cent may be taken as the mean 
proportion of crude arachidic acid, melting point 74°-75‘r)^ C. in com- 
mercial arachis oils. 

The following table, due to TortelU and Rnggeri, may serve as a 
corollary to the numbers given by De Negn and Fahris (see above 
p. 311), 


Sample 

COD taming 

Tempcratiiro at 
which Cl) slala 
separate tiom 90 
pel cent Alcohol. 

C 

i| 

P 

Dissolved §* 1 

(calculated) ! I 

1 s 1 

^hidic Acid. 

Total. 

M P 
of 

Crystals 

Aiuclils 
Oil 
found 
(approx ) 

Oli\0 

Oil 

Aracliis 

Oil 


90 [ici cent 
.Vkadiol u.sed 

Per cent. 

I'ct cent. 

•c 


c.c. 

Grms 

Grms. 

Gnus. 

Per cent. 

*0. 

For cent. 

0 

100 

37 7 

200 at 1.5“ C 

0*8894 

0 1708 

1 00)12 

5 S3 

74*1-74 3 

100 

40 

00 

31 S 

150 

, 176 

0 .5231 

0 1200 

0 0431 

3 22 

74-74 0 

no 

f.O 

50 

29 0 

250 

7") 

0 39*11 

0 1500 

0 .5131 

2 72 

74-74 0 

50 

00 

40 

25 5 

280 

, 75 

0 2770 

0 1509 

0 4279 

2*14 

74 5-75 1 

40 

70 

30 

23 2 

2h0 

, 75 

0 2056 

0 1300 

0 335o 

1 68 

74 1-74 0 

31 

M) 

20 

21 0 

2)0 

, 75 

0 12()0 

0 11.50 

0 2110 

1 21 

73 9-71 4 

22 

00 

10 

is 8 

220 

, 15 

0 0514 

0 00.S2 

0 ll'H) 

0()0 

72 2-74 6 

11 

95 

5 

le 7 

150 

, 15 

0 0241 

0 0434 

0 Oti75 

0 34 

73-73*5 

6*7 


Archbutt, ^ confirming TortelU and RuggeiTs figures, computes the 
following corrections ; — 


^ Jovrn. JSoc. Cluin. Ind., IS'JS, 11*21. 
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Correction per 100 c.c. of 90 per cent Alcohol used for Crystallisation 
and IFashing 


For Weights of Fatty 
AcKh obtaniod by 
Ueiiaid’s Process 


Grms at 


16* C. 

17-5" C. 

20“ C. 

0‘1 or less 

+ 0-033 

+ 0-039 

+ 0-046 

0-2 „ 

0 048 

0-056 

0 061 

0 3 „ 

0 055 

0-064 

0-074 

1 0-4 „ 

0-061 

0-070 

0-080 

i 0-5 „ 

0-064 

0 075 

0-085 

0-6 „ . . 

0-067 

0-077 

0-088 

1 0-7 ,, 

0-069 

0-079 

0-090 

I 0-8 „ . . 

0-070 1 

0-080 

0-091 

0'9 and upwards . 

0 071 

0 081 

0 091 


Archhiiit recommends the following modification of Renard's process : 
—Dissolve the fatty acids obtained fi‘om 10 grins, of oil [by decomposing 
the saponified mass with hydrochloric acid under ether and evaporating 
off the solvent] in 50 c.c. of 90 per cent alcohol ; add to tlie solution, 
which must not be allowed to cool below 38° (to prevent separation of 
crystals) 5 c.c. of a 20 per cent aqueous solution of lead acetate, cool 
to about 15° C., agitate, allow to stand for half an hour, filter and wash 
once with ether. Return the soaps into the flask with tlic aid of ether, 
digest with ether and repeat this operation three times ; lead olcate is 
thus dissolved out entirely. Transfer the solid soap with the aid of 
ether into a separating funnel, decompose with hydrochloric acid and 
wash the ethereal layer until free from mineral acid Distil oil the 
ether, dry the fatty acids in a water oven, and pour into the flask 50 c.c. 
of alcohol of exactly 90 per (‘ent (spec. grav. 0’834()). Dissolve the 
fatty acids by warming the (corked) flask, allow to cool to either 15° C. 
or 20° C., collect the crystals on a small filter (or preferably on a Gooch 
crucible), and wash three times with 10 c.c. of 90 per cent alcohol, 
each time at the same fixed temperature. The filtrate and washings are 
measured ; the necessary corrections are found in the table g'iven above. 

The crystals are thoroughly washed with 70 per cent alcohol, in 
which the crude arachidic acid is quite insoluble, until the washings 
remain clear on adding water. It is not necessary, although advisable, 
to redissolve the acids in 50 c.c. of 90 per cent alcohol and repeat the 
operations just described. The crystals are dissolved in boiling ether 
and weighed after drying at 100° C. The correction is then added to 
the weight. The melting point (capillary tube method) of the mixed 
arachidic and lignoceric acids so isolated varied from 71° to 72’5° C., 
but even when working in exact accordance with Tortelli and Ruggerds 
directions crystals melting at 74°-75° C. could not be obtained by 
Archhiiti, his highest figure being 73-3° C. [It may be added that after 
recrystallising the acids repeatedly from 90 per cent alcohol the melting 
point was raised to 79-6° C.] 

The following table shows in greater completeness the results 
obtained by Archhutt with one and the same sample of arachis oil 



Estimation of Arackidic and Lignoceric Acids hy different Methods in one and the same Sample of Arachis Oil 



(Bensemaim) J 
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t attainable in practical cases is shown by the following 


Besults of Analysis of Mixtures of Olive Oil and AracMs Oil 


Composition of 
Oil taken. 

VolllUIH of 
90 per cent 
Alcohol. 



Crude Arachidic Acid. 

Arachia 

Olive 

OiL 

Aiachis 

Oil. 

Temperature. 

Solubility 

Coefficient 

Dissolved 
in the 
Alcohol. 

Weighed, 

Total. 

Per cent 

Molting 

Point 

Oil 

found. 

Per 

cent. 

Per 

cent. 

100 

rSO C.C. 

- 15" 

, 0 0025 
' 73 c.c. 


0-0500 

0-4480 

0-4980 

4-98 

•c. 

71 

Per cent 

90 

10 

- 1,5" 

, 0 033 ^ 
' 73 c.c. ' 


0-0241 

0-0265 

0-0506 

0-500 

71 

10-2 

80 

20 

15" 

. 0 033 , 


0-0241 

0 0715 

0-0956 

0-956 

71 

19-2 


Tortelli and Riiggeri^ maintain, however, that their modification 
is less cumbersome and leads to more (mrrect results than the one 
suggested by Archhutf. 

Ihe importance of the detection of arachis oil in olive oil has led 
to a renewed study of the quantitative methods (in Archhuth laboi'a- 
tory) by N. Evers, ^ who recommends the following working process, 
the details of which must be observed most minutely in order to obtain 
reliable results -5 grins, of the sample of oil are saponified by boiling 
for about five minutes under a reflux condenser with 25 c.c. of alcoholic 
potash (80 grins, of potassium hydrate, pure from alcohol, dissolved in 
80 c.c. of water, and made up to 1000 c.c. with 90 per cent [by volume] 
alcohol). To the hot soap solution are added 7*5 c.c. of acetic acid 
prepared by mixing one volume of glacial acetic acid with two volumes 
of water, and 100 c.c. of 70 per cent (by volume) alcohol containing 
one per cent (by volume) of hydrochloric acid. ]die solution is cooled 
to 12°-11° C. for one hour. The separated crystals are filtered and 
washed with 70 per cent (by volume) alcohol containing one per cent 
of hydrochloric acid at 17°-19° C., the precipitate is broken up occasion- 
ally by means of a looped platinum wire, and washed until the filtrate 
gives no turbidity with water. The wash-waters are measured. The 
precipitate is dissolved, according to its bulk, in 25 to 70 c.c. of hot 
90 per cent (by volume) alcohol, and cooled to a fixed temperature 
between 15° and 20° C. The solution is allowed to stand at the fixed 
temperature for from one to three hours. The crystals are filtered off, 
washed with a measured volume of 90 per cent (by volume) alcohol 
(about half the volume used for crystallisation) and finally with 50 c.c. 

^ Monikur ScieiitiJ., 1902 [4], 215 ; cp. also Perrin, Mvniteur 1901 [41, 320. 

2 Anahjst, 1912, 487. 



XIV 


ARACHIS OIL 


317 


of 70 per cent alcohol. They are rinsed with warm ether into a 
weighed flask, the ether is distilled off, and the residue dried at 100° C. 
and weighed. If the melting point is lower than 71° C., the acid is re- 
crystallised from 90 per cent (by volume) alcohol. The correction for 
the solubility in 90 per cent alcohol is added exactly as in Renard's 
process, as also the correction for the total volume of 70 per cent 
alcohol used in precipitating and washing. 

The correction required for the 70 per cent alcohol (which is ignored 
in Renard’s original process) is taken from the following table due to 
Evers : — 



Conection per 100 c (*., 70 per cent Alcohol. 

Woi^lit of And'^ 

— _ _ 



(corrected toi Od ])er cent Alcoliol) 

neltimr Point 

MeltiriR Point 

Meltinx Point 


71' 0. 

72 C. 

7.r V. 



liuns. 

Urrns. 

Urins. 

Al)()VO 0-10 

0 013 

0008 

0 000 

0*08-0 to „ ... 

0 011 

0*007 

0 000 

0*05-0 08 „ 

0 009 

0*007 

0 005 

0 02-0 05 „ ... 

0 007 

0*000 

0*005 

Less than 0 02 ,, ... 

0*000 , 

1 0*005 

0 004 

Factor for converMon of percentage 
of fatty acids to aiachis oil . 

17 

20 

22 

— - - - 

. _ 1 

- . 



In the case of those oil mixtures containing arachis oil, which 
yield no crystals from 90 per cent or a very small amount only, a siifli- 
c'ient quantity of water is added to reduce the strength of alcohol to 
70 per cent (31 c.c. of water per 100 c.c. of 90 per cent alcohol). The 
crystallisation is allowed to take place at 17°-19° C. for one hour ; the 
cry.-tals are washed, and the correction for 70 per cent alcohol is added. 
Should the melting point of crude arachidic achd be below 71" C., then 
it is recrystallised from a small quantity of 90 per cent alcohol, or from 
70 per cent alcohol. In the following table due to Evors, the results 
obtainable by this method are set out . — 


[Table 
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Oil. 


Arachis (A) 

Arachis (B) 

Arachis (C) 

Arachis (D) 

Arachis (A), 50% . 
Olivo “ Nice,” 50% 

i Arachis (A), 35% . 

1 Olivo “ Nice,” 05% 

Arachis (A), 20% . 
Olive “ Nice,” 80% 
Arachis (("), 20^„ . 
Olive “ Malaga,” 80% 
Arachis (A), 10% . 
Olive “ Nice,” 00% 

Arachis (B), 10% . 
Olive “ Nice,” 90% 

I Arachis ((j), 10% . 

, Olive “ Malaga,” 00% 
Arachis (A), 5% . 

Olivo ” Nice,” 05% 

Scsam5 
Cotton seed 
Olivo “ saponified ” 


buoJ 

Corroc 
tion fo 

- Correc 
r tion for 


Per 
j cent. 

Meltlnj 

Per 
cent of 

Crylls. 

90 per 
1 cent 

70 per 
cent 

Total. 

Point 

I “C. 

Arachis 
Oil by 


! 

Alcoliol 

i 

.{Alcohol. 

1 ! 


1 

Factor. 

! 1 

iPercent 

1 

! 

j 

1 




(90 

! 0 160 

' 0-040 

i 0-027 

0-227 

4-54 

1 73 

100 

\70 

! 0-218 

1 -. 

! 0-065 

0-283 

5 66 

1 71 

72 

96 

Vi? 

! 0 - 16.3 

, 0 045 

0-032 

0-240 

4 80 

96 

\70 

i 0-233 

' . . 

0-068 

0-301 

6-02 

' 71 

102 

90 

1 0-152 

! 0-054 

0 034 

0-240 

4-80 

72 

96 

90 

0-194 

j 0 033 

0-028 

0-255 

5-10 

72 

102 

i 90 

0 - 05 () 

0 032 

0 022 

0-110 

2-20 

73 

48 

70 

0090 


0-055 

0-145 

, 2-90 

71 

49 

(90 

0-045 

0 020 

0-029 

0 094 

, 1-88 

71 

32 

190 

1 0-029 

0 040 

0-020 

0-089 

1-78 

72-5 

37 

|70 

0-059 


0-040 

0-099 

1-98 

71 

34 

90 

0-024 

0012 

0-019 

0-055 

1-10 

71 

19 

1 70 

1 

0-030 


0-024 

0-054 

1-08 1 

71 

18 

90 

0-012 

0-020 

0-015 

0-047 

0-94 

72 

71 ! 

19 

I 70 

0-021 


0 027 

0-048 

0-96 

16 

90 

0 - 009 1 

0-008 

0 008 

0-025 

' 0-50 

73 ! 

11 

70 

0-008 


0-01521 0-023 

0-46 

70 

8 

90 

0 


1 


0 



1 

0-012 


0-018 I 0 030 

0-60 i 

7 i 

Vo 

1 90 1 

0 ! 


.. 1 


0 



! 70 ; 

. 1 

0-011 ! 


O ’ OJi ; 1 

0-027 

0 54 

7 i 

9 

po j 

0-007 ' 


j 

0-012 

0-019 ' 

0-38 


6-5 

'/no i 

0 




0 

1 


, \70 

0-012 i 


1 


0-24 

64 


,/no 

0 



’ ’ 1 

0 ! 


[ 170 

0 006 

. . 1 

• • 1 


0-12 

50-55 1 


j |00 

0-014 

. . ' 



0-28 ! 

64-67 

* 1 

!,\70 

0-021 


-• 1 

. . i 

0 42 i 

04-68 j 

V* 


For Tolman’s modificatipn of Eemrd’s test as applied to solid 
fats containing cotton seed oil the reader must be referred to the original 
paper.® ^ ^ 

Tlie determination of the crude arachidic acid is of the greatest 
importance in the examination of olive oils suspected of being adulter- 
ated witli arachis oil, for the latter so closely resembles olive oil in its 
characteristics that judiciously prepared mixtures cannot be detected 
with certainty by means of the usual quantitative reactions. For 
although, as a rule, arachis oil has a higher iodine value than olive 
oil, there are, in commerce, arachis oils the iodine values of which 
approach closely those of olive oils having exceptionally high iodine 
values. The quantity of arachidic acid naturally occurring in olive 
oil is too small to invalidate the correctness of Renard’s method. Nor 
would an admixture of rape oil seriously interfere with the information 


d This result was obtained by recrystallising the fatty acids obtained from 70 j.er 
cent alcohol, from 10 c.c. of 90 per cent alcohol. ^ 

^ In these cases the correction has been added for melting point 71® C. 

Cp. W. B. Smith, Jouru, Amer. Chem. Soc., 1907 [29], 1766. 
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furnished by Renard's test, as special experiments, made in the author's 
laboratory, have shown. These experiments have been confirmed by 
Archhutfs determination of arachidic acid in rape oil (see also below 
p. 363, under “ Olive Oil ”). 

Since the adulteration of olive oil with araclus oil has become of 
frequent occurrence (especially in those years when olive oil was lii^h 
in price), the somewhat lengthy quantitative determination of arachidic 
acid has led to proposals to detect it qualitatively. Such tests (whicli 
are in truth nothing else than abbreviations of the quantitative method 
detailed above) were suggested by J. Bellier,^ and modified by Mans- 
feld,^ Alder, ^ and Franz} 

N. Evers ^ has tested these modifications and found them satisfactory. 
The qualitative test is carried out as follows : — 1 c.c. of oil measured 
off accurately is saponified with 5 c.c. of alcoholic potash prepared 
from 80 grins, of potassium hydrate, pure from alcohol, dissolved in 
80 c.c. of water and made up to 1000 c.c. with a 90 per cent (by volume) 
alcoholic solution, and saponified over a boiling water batli for exactly 
four minutes in a 100 c.c. flask fitted with a condensing tube. Loss of 
alcohol by evaporation is thereby avoided. The solution is cooled 
down to about 15° C. and exactly L5 c.c. of a dilute acetic acid (pre- 
pared from one volume of glacial acetic aiud and two volumes of w'ater) 
as also 50 c.c of a 70 per cent (by volume) alcohol are added and shaken 
until the solution has become clear. In case the solution is turbid 
(which IS due to a somewhat high proportion of arachis oil), the liquid 
is warmed until the turbidity has disappeared. The solution is then 
immersed in cold water, whilst being shaken, until the temperature 
is exactly 16° C. It is shaken at I6° C for five minutes, and in case no 
distinct turbidity should have appeared, the temperature is lowered to 
15*5° C. ; the same operation is repeated and again five minutes allowed 
to ela])se. 

Evers confirms Bellieds statement that a distinct turbidity is 
produced by 5 per cent of arachis oil in the sample. The author would 
dejirecate this qualitative test, as in the present state of our knowledge 
tests of this kind cannot be pronounced to be reliable. Thus Archhntl ^ 
found that certain neutralised “ residuum olive oils ” gave a precipitate, 
perhaps owing to a certain amount of unsaponifiable matter, of which 
these particular oils contain a considerable amount, separating out. 
At any rate, far too few observations have been made to justify the 
non-application of qualitative tests. 

By catalytic reduction arachis oil is converted into a hard fat, the 
iodine value and consistence of which depend on the length of time 
employed in the reduction. By the catalytic reduction of the mixed 

^ Alin. Chini. anal., 1899 (4), 4; cp. also (Tuainieri, Utaz. sperim agrar. itaJ. 
(42), 108. 

“ Zeits.f. {Inters, d Nahrgs- u. (ienussm., 1905 (17), 57. 

^ Ibid., 1912 (24), 676 ; op. also H. Luers, Zeits.f. (Inters, d. Nahrgs- u. (Ienussm., 
1912 (24), 683. 

^ Beitrage z. Nachweis u. z. Kenntniss d. Erdnussbles, Dissert., Muncheii, 1910. 

® A naly.d, 1912, 487. 

\ Journ. Soc. Chem. Ind., 1911, 5. 
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fatty acids, oleic and linolic acids are reduced to stearic acids, and 
hypogeeic acid to palmitic acid. Thus an indirect method of examining 
arachis oil would be given by reducing catalytically the mixed fatty 
acids when stearic and arachidic acids can be separated off completely, 
whilst palmitic acid would remain in the stearic acid solution. 

If this appears too complicated, the solid acids may be separated 
from the liquid acids by the lead-salt-ether method, when the liquid 
fatty acids can be reduced catalytically to stearic and palmitic acids, 
which may then be separated by the method given under stearic acid 
in VoL I. p. 557. 

H. Kreis and E. Roth ^ have especially shown (although it was 
obvious) that the arachidic acid can be determined in “ hardened ” 
arachis oil in the same manner as is done in ordinary arachis oil. 

Bomer ^ fractionated a hydrogenised (hardened) arachis oil by 
crystallisation from ether, and obtained after nineteen recrystallisations 
2-3 per cent of a glyceride melting at 68-1^ C. The fatty acid obtained 
from the nineteenth fraction melted at 68-6° C. Boiner suggests that 
the glyceride so obtained represents tristearin. In view of the remarks 
made by the author Vol. I. p. 559, the absence of arachidic acid must 
he proved before this conclusion can be accepted. 

Arachis oil is not infrequently adulterated with poppy seed, sesame, 
cotton seed, and rape oils. 

Poppy seed oil is indicated by a high iodine value and high specific 
gravity of tlie sample. 

Sesame oil is recognised by the furfural reaction. It lias been 
pointed out above (p. 221) that a faint Baudouin colour reaction does 
not nccessai'ily indicate adulteration. As arachis oil is mostly pressed 
in the same works where sesame oil is expressed, slight colouration may 
be expected.^ In doubtful cases it is advisable to determine the iodine 
value of the oil, as also of its liquid fatty acids, the solidifying point of 
the insoluble fatty acids, and in important cases the proportion of 
arachidic acid. 

Cotton seed oil is detected by the same quantitative reactions ; the 
colour reactions described above (p. 203) serve as confirmatory tests. 

Rape oil is revealed by a lower saponification value of the oil than 
the normal one, by low solidifying and melting points of the mixed 
fatty acids, and by the isolation of behenic acid (cp. Vol. I. p. 553). 

Nitrobenzene, used as an adulterant in Porto Rico, is determined 
by shaking the oil with zinc dust and hydrochloric acid, and removing 
the aniline formed by washing out with water.^ 

Very large quantities of arachis oil are expressed in the South of 
France ; considerable quantities are also prepared in Valencia (Spain), 
in Trieste, and in Holland. In this country as yet no arachis oil is 
made. It has been pointed out already that the oils of first expression 
are used as salad oils. They are largely employed for adulterating, or 

' Zetts. f. Utilers. d. Ntdirgs- u. (hnussni., 1913, 81. 

2 Chein. Revue, 1912, 247. 

3 Cp L. Derliii, Cheni. ZentralhL, 1910 (I.), 1812. 

‘ Lucas, Joiirn. Ind. and Eng. Chem., 1913, 576. * 
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even wholly substituting, olive oils, also for blending with olive oil ; 
thus the Valencia oil is specially known to be mixed with Andalusian 
olive oil, in order to neutralise the harsh flavour of the latter. Edible 
arachis oil is also used for preserving sardines. The oils of the second 
and third expressions are chiefly used in soapmaking in the South of 
Europe. One of the characteristic components of the Marseilles 
white soap is arachis oil ; it is not used in the manufacture of the 
mottled (“ marbled ”) Marseilles soap. 


RICE OIL^ 

French— //'wi/e de riz. German — lieisoL Italian — Olio di riso. 

For tables of characteristics see p. 322. 

This oil, as obtained in this country from Kangoon rice meal (from 
Oryza saliva, L.) by hydraulic pressure, ^ has a dirty greenish colour. 
Rangoon rice meal contains about 15 per cent of oil, common rice meal 
only 8-9 per cent. 

Oil from fresh rice bran is practically neutral ; on standing, the 
proportion of free fatty acids very rapidly increases owing to the action 
of an enzyme {Browne ^). 

The occurrence of an enzyme in rice bran was demonstrated by 
Browne, by mixing 20 c.c. of a 20 per cent cold aqueous extract of rice 
bran with an ec|ual volume of castor oil. After twenty-four hours the 
emulsion became acid, and after one week the proportion of free fatty 
acids had risen to 16 per cent,- It appears to the author likely that 
the action of the lipase had been arrested in this experiment, as Browne 
had rendered the mixture faintly alkaline to litmus. Further proof 
of the view that the production of free fatty acids is due to an enzyme 
is given by an experiment, in which freshly ground ri(‘e bran was 
divided into two portions, one of which was heated to 100^ C. to destroy 
the enzyme.^ After one month the oil was extracted from both samples. 
The results of this experiment are reproduced in the following table 


Free Acid as 
Oleic Acid. 
Ter cent. 

Raw rice (stored many months) . . .6-9 

Fresh bran (six hours after grinding) . . .12-5 

Bran, one month old, unheated . . . b2-2 

heated .... 24-0 


According to Tsujimoto the fatty acids consist of palmitic acid 
20 per cent, oleic acid 45 per cent, linolic acid 35 per cent. 

An attempt to put the oil obtained from rice bran to commercial 
use WPS made some years ago in Louisiana.® The industry disappeared, 

^ Sraethani, Journ. Soc. Chevi. Jnd., 1893, 848. 

2 Cp. French patent 415,226 (Bocictc Hercules et Cie). 

^ Journ. Soc. Oheni. Ind., 1903, 1137. 

I* Cp. also J. Sliimanzono, Arch, experiment. Pathol, u. Phurmakol., 1911 (66), 361. 
“ Chem. Revue, 1911, 112. 

® Cp. “Rice Oil Industry, Louisiana,” ZeUschr. f. angew. Chem., 1905, 1239. 

VOL. II Y 
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however, after a short time, no dotiht owing to the comparatively low 
prices for oils and fats which ruled immediately after the venture had 
been set on foot. The recent rise in prices revived the commercial 
attempts to extract the oil in Italy and, in this country, Hull. An 
outlet for the oil is being sought in the soap industry. 


Physical and Chemical Characteristics of Rice Oil 


Specific Gravity. 

Solidifying 

Saponi- 

fication 

Value. 

Iodine 

Value 

Mannion^ 

Test 

“C. 

Refractive 

Indev. 

Observer. 

At“C. 


Point. 

•c. 

Mginia. 

KUH. 

Per 

cent 

Butyro- 
refractonietor. 
“ Degiees,” 
At 25“ C. 

99 

0*8907 


193*2 

96*4 



Smotham 

(water 



193*5 

91 *05 



Browne 

99 = 1) 








. 15 

0*923 

2T 


106 5 

60 7 

‘ 68*2 

Fabris ^ 








and 








Settirnj 





107 



Tsujinioto 


'Physical and Chemical Characteristics of the hsokble Fatty Acids 


Insoluble 
Acids + 

Solidify- 

I 

Melting Point. 
“C. 

Mean Molecular 
Weight 


Iodine Value. 

Unsnponi- 
liable. 
Per cent. 

Point. 

“C. 

. 

Observer 

Per 

cent 

Obseiver. 

95*6 

28-29 

^ oo 

CC ^ 

> 289 3 j 

1 

Brow ne 

F. and S. 

97*4 

109 

i 

w*i tell ell- 
F. and 


AKGAN OIL, MOROCCAN OLIVE OIL 

French — Huile d' Aryan. German — Argandl, Marohkanisches 
Olivenol, 

Argan oil ^ is prepared in considerable quantities in Morocco from 
the fruits of Arganmn sideroxylon, a tree growing in the south-west of 
Morocco. The fruit is the size of a small walnut, and yields an oil 
of a golden yellow colour, which simulates in odour and taste arachis 
oil. The oil serves the natives as an edible oil in preference to the 
home-grown olive oil ; it is also used as a burning oil. The export of 
this oil had, up till recently, been forbidden by the sultans of Morocco. 
Specimens previously obtained in Europe were sold as Morocco olive 
oil, and were considered to represent true olive oil. 

^ The oil was extracted from Italian rice germs, and gave 30 per cent of solid and 
70 per cent of liquid fatty acids. ^ 

^ Private communication. ® Iodine value of liquid fatty acids 131*7, 

* Les VSgHaux utiles de VAfrique Tropicale Frangaise^ par Aug. Chevalier. 
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The following characteristics have been determined by A. 
Sasserath : ^ — 


Specific gravity at 16° C. . 
Saponification value 
Iodine value 

Insoluble fatty acids funsaponifiablo 


0-988 

192-12 

96-94 

96-0 per cent 


On shaking the oil with nitric acid, of the spec. grav. 1*4, a dark 
crimson colour is developed, which persists for about one hour. This 
characteristic colour reaction is stated to allow the dilierentiation of 
argan oil from olive oil (in addition to the information furnished by the 
iodine value). 


JEA SEED OIL 

French — Huile de the ; huile de camellia. German — Theesamenol. 

Italian — Olio di thL 

For tables of characteristics see p. 325. 

Tea seed oil is expressed on a largo scale in China from the seeds of 
Tliea sasanqua,^ Nois (Thunb.), which is specially cultivated in China, 
Tonkin, and Assam for its fruits and not for its leaves. The first 
pressed oil serves there as an edible oil,^ although the proportion of 
saponin it contains would render it somewhat unsafe for consumption. 
The oil obtained by extraction with solvents is perfectly free from 
saponin ; ^ the lower qualities are used as burning oil and for soap- 
making. In commerce two varieties, viz. Chinese and Assam oil, are 
obtainable. Chinese tea seed yields 30-35 per cent, Assam tea seed 
43-45 per cent, of a straw or amber coloured oil closely resembling olive 
oil. Like the latter it gives a hard elai’din. The proportion of liquid 
fatty acids (by the lead-salt-ether method) varies from 88 to 93’2 per 
cent (Lane). 

The fatty oil from Camellia oleifera^ Bot. Reg., a plant largely 
cultivated in China for the sake of the pale bland oil prepared from 
its seeds — “ Cha-yow oil ” — is not used for edible purposes, but as a 
hair oil or a burning oil. Its specific gravity is 0-9175 at 15'^ C. 

The foregoing resume of the notes published in the literature on tea 
seed oil must be accepted with reserve, as the statements regarding the 
origin of the oils examined by the various observers are extremely 
indefinite. To a great extent they may be considered as superseded 
by the description of the following two oils : “ Tsubaki Oil ” and 
“ Sasanqua Oil,” which, notwithstanding their much lower iodine 

^ Zeits.f. (Inters, d. Nahrgs- u. Oemissm., 1910, xx. 749. 

Synonyms are : Caniellm drupifem, Lour. ; Thea oleosa, Lour. ; Then drnpifera, 
Pierre; Camellia oleifera, Wall. A specimen of oil from Camellia drupifera, Ix)ur. , 
originating from Cochin China, is stated by Pettier (Les Nouveaux HevnMes, 1900, 16, 
121) to have the specific gravity 0*980 (!), and to rotate the plane of polarised light 
1'8® to the right in a 200 mm, tube. 

A The Jesuit D’lncarville about 1735 mentions already the use of this oil for edible 
purposes in China. 

^ Weil, Arch, d. Pharm. 239, 366. 
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values, are described here on account of their near relationship to the 
Commercial tea seed oils mentioned above. 


The seeds of tlie ordinary tea plant — Thea sinensis, Sims. = Camellia 
theifera — contain a fatty oil, but since in the cultivation for its tea 
leaves the development of the seed is mostly suppressed, the oil has no 
commercial importance. The seeds are round, and have a diameter 
of about 1 cm. Kernels obtained from Tokyo and Uji plants respec- 
tively, gave the following results : — Moisture, 15-60 per cent ; 6*46 per 
cent. Oil, 23-9 per cent ; 26-23 per cent. Ash, 2-6 per cent ; 2-5 per 
cent. The expressed oil from the Tokyo seed was an orange yellow 
liquid of somewhat unpleasant odour and bitter taste (acid value 0-74). 

Tlie following characteristics are given by Tsujmoto for Japanese 


oil : 

Oil— 

Specific gravity at (!. .... 0-0178 

Solidifying point . . . . . --10°C. 

Saponification value .... 11)1 -9 

Iodine value ..... 90-42 

Kcichcrt-IVIcissl value .... 0-06 

llefractivo index at 20° C. ... 1-4707 

Fatty A fids — ■ 

Insoluble acid,s-f unsaponifiable . . . 95-0 per cent 

Specific gravity at 98° (I . . . , 0-8445 

Melting point ..... 33-5° C. 

Neutralisation value . . . 197-6 

Mean molecular weight .... 283-9 

Iodine value ..... 92-86 


Seeds from Upper Assam yielded on extraction with petroleum 
ether 16-1 per cent of an oil having the following characteristics 
(Menon 

Oil — 


Specific gravity, 15/15° C. 

Saponification value 
Keichcrt-Mcissl value 

Titration number of insoluble volatile acids 
Iodine value 
Fatty Acids — 

Insoluble fatty acids l-unsaponifiable 

Insoluble fatty acids 

Melting point 

Neutralisation value 

Moon molecular weight 

Iodine value .... 


0-9028 

189-9 

0-56 

0-5b c.c. 

92- 7 

2-6 per cent 

93- 04 per cent 
38-9° a 

199-9 

280-5 

94- 13 


The fatty acids consisted of about 25 per cent of solid acids melting 
at 57-8° C. and having the neutralisation value 209-8, mean molecular 
weight 2673, iodine value 13-84, and 74-75 per cent of liquid acids of 
the neutralisation value 191-1, mean molecular weight 293-6, and 
iodine value 117-8. 


^ Chem. Revue, 1908, 224. 

Year-Book of Indian QuUd of Science and TechnoL, 1912, 144. 
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Journ, Soc Chcnx. hid., 1894, 79. - Zeits. f. Unters. d. Xohrgs- u. Gemissrn., 1903, 492. ^ Calculated. 
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TSUBAK-I OIL^ 

'Fienchr—Huile de tsuhahi. Geim&n—Tsuhakibl. 

Italian— di tsuhahi. 

This oil is obtained from the seeds of Thed jajponica^ Nois {Camellia 
ja'ponica, L.), the tsubaki tree grown in Japan for ornamental purposes 
on account of its beautiful flowers. In certain parts of Japan it grows 
wild in such abundance that the seeds are worked up for the preparation 
of oil, as in the islands of Idzu, in the Shidzuoka prefecture and several 
prefectures of Kiushiu (Kumamoto, Nagasaki, Oita). The fruit ripens 
in autumn, and the seeds fall to the ground. The seed is 2*25 cm. long ; 
its weight varies from 1-2 to 3 grms. A specimen from Oshima examined 
by Tsujimoto consisted of 41-5 per cent of husks and 58-5 per cent of 
kernels. Kernels from different localities gave the following results : — 
Moisture, 4*24-4-93 per cent; oil, 64-3-66-4 per cent; ash, 1*6-1'76 
per cent. 

The seeds are dried by exposure to sunlight, crushed, steamed, 
and pressed twice in the wooden wedge press (“tatsugi”) usually 
employed in Japan. Other manufacturers decorticate the seeds 
previous to pressing. The whole seeds when pressed yield 15 per cent 
of oil (by volume). 

The oil prepared from fresh seeds by pressing is pale yellow and 
practically odourless ; its taste is mild and pleasant. 

Commercial tsubaki oil has a yellow colour, and a slight peculiar 
odour ; the inferior, decidedly rancid grades vary from yellow to 
reddish yellow. The following characteristics are given by Tsujimoto 



Cold-drawn Oil. 

Commorcial Oil. 

Oil from 
Decorticated 
Seed. 

Oil— , 




Specific gravity at 16 'S'* C. 

0-in69-0-9163 

0'9161-0'9166, 

0'9160 

Saponification value . 

190-6-]92'6 

180'9-190'6 - 

.191'9 

Iodine value .... 

80-3-8r3 

80'l-80'6 

80 '4 

Kcichert-Meissl .... 

0-6 



Refractive index at 20“ 

1 '4682-1 '4691 

1'4691-1'4679 

1-4687 

Fatty Acids— 




Insoluble acids + un.saponifiable . 

95-6% 



Specific gravity at 100“ C. (v\ater 




at 1.5“= 1) .... 

0'8402 



Melting point .... 

22“ C. 



Noutiali.sation value . 

197 



Moan molecular weight 

284 



Iodine value .... 

S3 '7 




The oil solidifies completely at - 15° C. In Valenta’s test it becomes 
turbid at 81° C. In the elaldin test it solidifies in two hours and yields 
after twenty-four hours a very hard mass. 

^ Taujimoto, Joum. GoU. Engin. Imp. Vniv. Tokyo, .hipun, 1908, vol. iv. p. 75. 
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'The acid values of a number of cold drawn oils varied from 1*63 to 
2-67 ; commercial samples have higher acid values, up to 8-8. 

The mixed fatty acids yielded (by the lead-salt-ether method) 93-1 
per cent of liquid acids of the iodine value 89. They seem to consist 
of oleic acid only, as they neither gave ether-insoluble compounds on 
bromination, nor sativic acid on oxidation (Kametaka). 

Tsubaki oil being the highest priced of all Japanese vegetable oils, 
is largely adulterated with rape, cotton seed, soya bean, and arachis 
oils. Tsujwioto finds Bieher's reagent suitable for the detection of 
all these adulterants ; as the quantitative reactions furnish ^greater 
certainty, the table of colour reactions given by Tsujimoto is not repro- 
duced here. 

Tsubaki oil is chiefly used as a hair oil. In the islands of Idzu 
it is used as an edible oil. Owing to its high price its industrial use 
is limited. It is also used as a lubricating oil for delicate machinery. 


SASANQUA OIL ^ 

French — Hmle de sasanqua. German 
Italian — Olio di sasanqua. 

This oil is prepared from the seeds of Thea sasanqua, Nois {Camellia 
sasanqua, Thun ^), a tree very similar to the tsubaki tree, and cultivated 
like the latter for ornamental purposes. The sasancjua seeds are smaller 
than those of tsubaki, their length varies from 1-0 to 1-5 cm. ; they 
weigh on an average 0*5 grms. The seeds consist of 28 per cent of husk, 
and 72 per cent of kernels. An analysis of the kernels gave the following 
result : — Moisture, 5*Il-5'78 per cent ; oil, 58*l-59*4: per cent ; ash, 
I *7-1 *8 per cent. 

The oil is prepared commercially in the prefecture Kumamoto by 
drying the seeds, powdering, steaming, and finally pressing in a wooden 
wedge-press. The powdered mass is generally expressed twice, so that 
16 to 17 per cent of oil (by volume) are obtained. 

' The examination of a cold pressed oil (from Amakusa seed) and 
an oil extracted with ether (from Tokyo seed) gave the following 
results 


^ Tsujimoto, Journ. Coll, Kngin, Imp. Utiiv. Tokyo, Jcqxni, 1908, vol. iv. p. 80. 

2 A i)iant named Camellia okifera growji in China appears to be of the .same .species 
as sasanqua. 


[Table 
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CRAP. 



Cold pressed Oil. 

Extracted Oil. 

Oil- 



Specific gravity at 15° C. . 

0-9163 

0-9188 

Saponification value . . . i 

193-9 

193-4 

loaino value 

82-3 

81-7 

Roichert-Meissl value 

1-17' 


Refractive index at 20° C. . . | 

1-4691 

1-4961'^ 

Fatty Acids— 



» Specific gravity at 100° C. (watci 


i 

at 16-5 = 1) .... 

0-8405 

1 

Melting point, ° C. . 

28 


Neutralisation value . . . I 

199-64 


Mean molecular weight 

281 

j 

Iodine value 

86-1 



The oil solidifies completely at -9° C., in the elaidin test it yields, 
after two hours, a hard mass. By the lead-salt-ether method 89-9 
per cent of unsaturated acids (of the iodine value 92-9) were obtained ; 
as these yielded no insoluble bromides, the chief constituent fatty acid 
in sasanqua oil must be oleic acid. 

Seeds from the Kwangsi Province (China yielded a yellowish 
brown slightly opalescent oil of the specific gravity 15'5°/15’5° C., 0'918 ; 
saponification value 193-4, and iodine value 87-5. The tea-seed cake 
from which this oil was obtained gave the following numbers : — 
Moisture, 8*83 per cent ; oil, 1-31 per cent ; crude proteins, 6-49 per 
cent ; ash, 3-2 per cent ; crude fibre, 37-3 per cent. 

Sasanqua oil resembles tsubaki oil very clOvSely. Tsujmoio is of 
the opinion that with Bieher's reagent this oil can be distinguished 
from tsubaki oil. 

Sasanqua oil is chiefly used as a hair oil (as a substitute (?) for 
tsubaki oil). It is also employed as a lubricating oil. 


INOY KERNEL OIL 

This oil is obtained from the seeds of Poga oleosa, Pierre (a plant 
indigenous to West Africa "*). 

The tree bears a four-celled stone fruit having a fleshy exocarp and 
a thick wooden endocarp. Each cell contains one seed about 2 cm. 
long and 1 cm. in diameter. The shells form about 26 per cent of the 
whole fruit, the kernels (known to the natives of the Cameroons as 
“ Njore-Njole,” and in the Gaboon as “ M’poga ”) yield from 55 to 62 

^ The liigh Reichert-Meissl value of this specimen is due to tlie high acid value, viz. 
6-78. 

2 This figure should evidently be 1-4691. 

^ Bidl. Imp. Inst., 1912, 234. 

* Cp. Pierre, Bull. Soc. Linn, Par., 1896, ii. 12.64. Pierre places the plant in the 
natural order Phytolaccacem. E. Drabble, Quart. Jaurn. hut. of Coinvi. Research in 
the Tropics, 1908, 20, places the plant in the natural order Rhizophonicea'. 
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w 

per cent of a light yellow oil. Thp examination of the oil gave the 
following numbers : — 




Oil extracted from Kernels, 



Native 






Prepared 

I.i , II.i 

iii.‘^ 

IV.' 

V.'i 


Oil.i 

1 




Oil— 






Specific gravity . 

0-918 

0-800 (?) ' 0-914 

0 9091 

0-9135 

0-9085 

Solidifying point 






-6 

Saponification value 

ISI-Of) 

184-49 ; 102 9 

188-0 

193 05 

174-5 

Iodine value 

85-35 

89-7 90-9 

930 

93-3 

91-1 

Refractive index at 





1 1 

15° C. . . . 


j 



i 1-4700 

Fatly Adda — 


! 




Insoluble fatty acids 


1 ! 




d-unsaponifiablo 


1 93-0 ' 94-5 



95-83 

Melting point, ° C. 


1 . . i 



28-0 

Titer test, ° C. . 

.. 

! 22 I 24-5 



! 24-5 

Iodine value 


! 



93-0 ! 

Refractive index at 

1 

1 




45° ('. ... 

1 

1 

1 . . _L _... i 



1-4499 


The specimen which the author obtained from the Imperial Institute, 
deposited “ stearine ” on keeping. 


PISTACHIO OIL*^ 

French de pistache. {jenr[m-~Pislazienol. 

Italian— Olio di pisiacchio. 

This oil is contained in the seeds of the pistachio nuts (from Pistacia 
vera or P. leniiscus, L.). Oil obtained by extraction with ether has a 
more pronounced aromatic odour than that obtained by expression in 
the cold. 

Pistachio oil has very limited commercial application ; it is used 
in the manufacture of sweetmeats. 

^ Bull Im'p. Inst., 1906, 201 ; 1908, 3r)8. 

Edie, Qudrt. Jouni. Ind. of Comm. Besearoh in (he Tropica^ 1907, 14. 

^ Bneger and Krause, J)er Tropenjtflanzer, xii. p. 83. 

■* Gnimiie, (Mem. Herne, 1910, 266. 

® ])c Negri and Fabris, Anmdi del Lah. Chim. del/e Gahelle, 1893, 220. 


[Table 
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OHAP. 

* 


Physical and Chemical Cfiaracterisiics of Pistachio Oil 


Specific 

Gravity. 

Solidifying 

Point. 

Saponification 

Valtie. 

Iodine Value. 

Manmcn^ Test, 

Riityro- 

refnetorneter. 

‘ npgn'os," 

At 15* C. 

"C. 

Mgrm.s. KOII 

Per cent. 

'C. 

At 25' C, 

0*9185 

1 

- 8 to - 10 

1 

i9ro-i9r6 ! 

1 

86-8-87 8* 

41 -5-45 * 

i 

62 ‘ 


Physical ami Chemical Characteristics of the Insoluble Fatty Acids 


Insoluble Acids 
+ Uusii[)onifiabI(i. 

Solidifying Point. 

Melting Point 

Iodine Value. 

Per cant. 

*'0. 

•0. 

Per cent. 


13 

17-181 

88-9 

06-1* 

1 1 

14-13 

18-20 / 
i 

96*22 


The seeds from Pistacia ierebinthus, a small tree, native of the Medi- 
terranean region, are known in commerce as “ Hunnulk seed.” (The 
bark of the tree yields a commercial Chian turpentine.) The oil con- 
tained in the kernels has not acquired commercial importance. 


HAZELNUT OIL 

French — Huile de noisette, German — Haselnussol. 

Italian — Olio di nocciuole. 

For tables of characteristics see p. 331, 

Hazelnut oil is prepared from the seeds of the hazelnut tree, Corylus 
avellana, L., by pressing or by extracting with solvents. ^The seeds 
contain from 50 to 60 per cent of a golden-yellow coloured oil having 
the characteristic odour of hazelnuts, which assists to detect it in other 
oils. 

According to Harms, ^ the mixed fatty acids of hazelnut oil consists 
of 85 per cent of oleic acid, 9 per cent of palmitic acid, and 1 per cent 
of stearic acid. The iodine value of the liquid acids (Tortelli and 
Ruggeri) points, however, to the occurrence of linolic acid in hazelnut 
oil. Fabris and Settimj ^ found 80 per cent of liquid fatty acids in a 
specimen from dry hazelnuts which yielded 35 per cent of oil. In 
the elaidin test hazelnut oil yields a solid white mass. 

* Dc Negri and Fabris, Annali del Led). Chim.. delle Oahelle, 1893, 220. 

^ Fabris and Settimj. These observers give the iodine value 92 '5 and Maumenf?! 
test 55' C. for an oil obtained by expressing Sicilian seeds. The oil yielded 80 per 
cent of liquid fatty acids of the iodine value 105’8. 

Cleem. ZeiL, 1899, Ref. 226. 

^ Atti del VI. Cong, intern, di Chim. applic., Roma, 1907, vol. v. 766. 
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Hazelnut oil much resembles almond oil ; the lower iodine value 
and the lower solidifying point may serve as means to distinguish the 
two oils. 

Hazelnut oil is used in perfumery, and as lubricating oil for watch 
springs and other delicate machinery. It is also used in the adulteration 
of chocolate fats {Filsinger and as a substitute for peach kernel oil 
{Bennett ^). Hazelnut oil, in its turn, is liable to adulteration with olive 
oil ; the latter would be detected by the higher solidifying point of the 
sample. 

“ Giovani ” nuts from Corylus tuhulosa contain 56*04 per cent of 
oil (and 2*47 per cent nitrogen = 15*44 per cent protein^). 


koEme oil^ 

French — Htiile de Telfairia ; huile de noix d' Inhamhane, 
German — Koemebl, Thalerkiirbisbl {TeJfainaol^). 

Italian — Olio di telfairia ; olio di noce di Chilimanjaro. 

For tables of characteristics see p. 333. 

This oil is obtained from the seeds of Telfairia fedata, Hook. hi. ; 
syn. Joliffa africanaf D.C., a tall climbing plant belonging to the Cucur- 
hitacecB, and indigenous to the Coast of South-East Africa and the 
islands off the East African Coast. The fruit reaches a length of 
2 to 3 feet and a breadth of 8 to 10 inches. The fruits have internally 
three to six cells, each loculus containing a number of largo, flat, almost 
circular seeds about inches in diameter and J inch thick. The seeds 
are known in commerce as “ Ko6me de Zanzibar,” “ Kilima-Njaro 
nuts,” ^ “ Jacungu,” “ mkungu,” and “ limabu ” nuts, and are largely 
used as an article of food by the natives. The kernels have a pleasant 
taste, and do not easily become rancid even after keeping for several 
years, the shells apparently forming a good protection against .the 
influence of the atmosphere. Specimens examined by the author 
yielded 60*5 per cent of oil. Seeds examined by Bontoux ® consisted of 
46 per cent of shells and 54 per cent of kernels, yielding by extraction 
with carbon bisulphide 62*57 per cent of oil (calculated to the entire 
seeds 33*8 per cent). By expression of the kernels on a laboratory 
scale Bontoux obtained 50 per cent of oil. Both kinds of oil prepared 
by Bontoux have a yellowish-red colour. According to Drabble^ the 

^ Journ, Soc. Chein. Ind., 1893, 6. 

^ •demist arid Druggist, i908, 89. 

^ H. Kuhl, Fhami. Zeit., 1909 (64), 68. 

* Thoms, Arch. d. Pharm., 1900 (238), 48. 

® Cp. Jahrbuch. d, Chem., 1899 (ix.), 364. 

® This name is used for both Telfairia pedata and T. occidentalis ; the name Joliffa 
africana was first applied to T. occidentalis. 

’ Rornagiioli, L'fndustna saponiera, iii. No. 3. 

® Unpublished observations. 

^ Quart. Journ. of the Institute of Comm. Research in the Tropics, 1907, vol. ii. No. 
5, p. 135. 
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unshelled seeds contain 33-36 per cent of oil ; the shelled seeds yield 
59 per cent. 

The expressed oil has a pleasant and even sweet taste. Attempts 
to prepare an edible oil have hitherto failed owing to the difficulty 
of shelling the seeds by a cheap process. The removal of the shell 
must be carried out completely, as it has an extremely bitter taste, 
and may even give up toxic substances to the oil if expressed together 
with the pulp of the fruit (Bontoux). 

The oil examined by the author had the acid value 0-56, and con- 
tained 0-9 per cent of unsaponifiable matter. It gave the elaidin 
reaction ; on exposure to the atmosphere for several months it becomes 
slightly viscous. 

The mixed fatty acids contain stearic, palmitic, and telfairic (Vol. I. 
p. 200 ) acids, and possibly an unsaturated hydroxylated acid of the 
composition € 24114 ^ 03 . The acetyl value of the oil, viz. 26-9, found 
by Thoms, is due to the presence of the hydroxylated acid. The low 
saponification value given by Thoms is open to doubt. 


Physical and Chemical Characteristics of Koeme Oil 


^ S])C(’illc 
(Jravity. 

Solidifying 

i‘oint. 

Melting 

Point. 

Saponification 

Value. 

Iodine Value. 

Itefractive 

index. 

Observer. 

At 15" C. 

“C. 

°C. 

Mgnns. KOIT. 

Per cent. 

Putyro- 

refractoineter. 


0-9180 

d-7 


174-8 (?) 

86-2 

.. 1 Scale 

Divisions. 

Thoms 

i 

1 1 

i 


i 

1 

1 

1 

1 

1 

1 

25 03-64 ' 

30 61-62 

1 

0-0185 

+ 8-5 

10 i 

1 

195-10 

190 5 ; 1 197-5 ^ 1 
186-5 1 

100-7 

88-5 ; 1 88-:i ^ 
84-2 

1 

\h i 1-4680 ' 

i 1 

Lowkowitsch 

Bontoux 

Gnmmo 


Physiail and Chemical Characteristics of the Insoluble Fatty Acids 


Fatty Acids + 
Unsaponifiable. 

Solidifying 

Point. 

Melting 

Point. 

Neutralisation 

Value, 
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Weight. 

Inline 

Value. 

Refractive 
Index at 
50' C. 

Observer. 

Per cent. 

_ 

“C. 

“C. 

Mgrms. KOH, 






1 

38-8 

(Titer test) 

44 

I 


_ 

1 

\ 


Thoms 

Lowkowitsch 

96 - 5 ' 

41-8 

43-5 

209-1 

260 

86-7 

1-4492 

Grimme 


* Extracted oil. 


Expressed oil. 
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The seeds from Telfairia occidentalism^ Hook,, known to the natives 
of the West Coast of Africa as “ Krobonko ” seeds, are very similar 
to those of T. pedata. They consist of 3T2 per cent of shells and 
68*8 per cent of kernels. The kernels contain 48-2 per cent of oil, 
hence the whole seeds yield 32-2 per cent. 

The oil obtained by extraction with ether had the' following char- 
acteristics {Grimm ) : ^ — 


Oil— 

Specific gravity at 50° C. 
Solidifying point, ° C. 
Melting point, ° C. . 
Saponification vii^uo 
Iodine value {Wijs) 
Refractive index at 20° C. 


0- 91:15 
-25 
-10 
202-2 

43-4 

1- 4703 


Fatty Acids- 


Fatty acids, per cent 

96 2 

Unsaponifiable, per cent . 

0-38 

Solidifying point, ° C. 

39-5 

Melting point, ° C. . 

42-0 

Neutralisation value 

2210 

Mean molecular weight 

251-5 

Iodine value (If tja) 

45-9 

Refractive index at 50° C. 

1 4013 


ELDERBERRY OIL 

French — Huile de sureau. German — Holundcrheerenol. 

Italian — Olio di sambuco. 

For tables of characteristics see p. 335. 

This oil is obtained from the berries of the red elderberry, Sambucus 
racemosa^ A similar oil was prepared by Byers arid HopJcins from 
the berries of Sambucus racemosa arhorescens} 

^ J. R. Jackson, Chemist and Druggist, 1906, No. 1. 

® Chem. Hevue, 1910, 268. 

^ Zellner, Monatsh. f. Chem., 1902, 937. Jovrn. Aoc. Chem. Did., 1903, 101 
^ H. G. Byers and P. Hopkins, Jmirn. Amer. Chem. Soc., 1902, 771. 
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According to these authors the solid fatty acids consist exclusively 
of palmitic acid. Zellner, however, found, besides palmitic acid (the 
chief constituent), small amounts of arachidic acid. The liquid fatty “ 
acids form, according to Byers and Hopkins, 73*6 per cent of the mi^ed 
fatty acids, which agrees fairly well with 71 per cent found by Zellner. 
The distinct Reichert-Meissl value points to notable amounts of volatile 
fatty acids. Byers and Hopkins arrive at the following composition 
of the oil : palmitin, 22 per cent ; olein and linolin, 73*6 per cent (of 
which olein forms 92*2 and linolin 7*8), caprin, caproin, and caprylin, 
3*0 per cent. 

Zellner concludes from the iodine value of the liquid fatty acids, 
viz. 120, that about two- thirds consist of oleic acid and the remainder 
of linolic acid ; linolenic and isolinolenic acids could not be detected. 

Zellner records the acetyl value 15*5, and the mean molecular 
weight of the acetylated acids (melting at 47°49° C.) 286. 


ELOZY OIL 

French— de citron de mer ; ^ huile d’Elozy. German— 
Elozyol Italian — Olio di Elozy. 

This oil is obtained from the seeds of Ximenia americana, L. (X. 
Russelliam, Wall.), a tree belonging to the Oleacece and widely distri- 
buted over tropical America, Africa, Asia,'*^ and the Pacific Islands. 
In the Gaboon (West Africa), the tree is known under the names 
“ Elozy ” and “ Zeguc ” ; hence Heckel describes the oil under the 
name Huile d' Elozy-Zeyue. At the West Coast of Africa the seeds are 
known as “ Mpingi.” In the catalogue of the Colonial section of the 
Paris Exhibition, 1879, the percentage of oil is given as 32*8. Grimme ® 
found in a South American specimen 39*25 per cent of oil (63-82 per 
cent in the kernels, which formed 61*5 per cent of the fruits). This 
agrees with Heckel' s earlier statement that the seeds consist of 60 per 
cent of kernels and 40 per cent of husks. The kernels yi^ded, on 
extraction with carbon bisjilphide, 69 per cent of oil. Suzzi^ found 
65*6 per cent of oil in kernels from Serae, in Erythrea (Italian East 
Africa). The oil furnishes the following characteristics : — 


^ Heckel, Les Uraines grasses nouvelles ou pea connucs de^ (Monies fran^aises, 
Marseille, 1902, p. 27. Der Pjlanzer, 1911 (7), 484. ^ East India. 

** Giimme, Chem. Revw, 1910, 157. 

/ Seim oleosi e gli oil, published for the Milan Exhibition, 1906. 
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Suzzi. 

(Jrtinme. 

Schroder.^ 

Oil — 




Specific gravity at 15“ C. 
Solidification point, “ C. 

0-9166 

0-9248 

0-9187-0-9220 

+ 12 to d-6 

+2 

1 

Saponification value 

155-3 (?) 

183-1 

173-177 i 

louino value 

85-1 

84-0 

80-85 

> Maumen5 test, ° C. . 

Unsaponifiable matter, per 

69 

2-91 

0-5 

cent 

2 

Refractive index 

Fatty Acids — 

Insoluble fatty acids-I un- 


1-4737 
at 20° a 

1-4677-1-4687 
at 40“ C. 

1 saponifiable, per cent . 



93-9-94-8 

Solidifying point. “ C. . 

4.5-’5-42 


44-45 

Melting point, ° C. . 

45-.5-48 

51-52 

49-5-50 

Neutralisation value 

171-3 

172 3 


Mean molecular weight . 

326 5 

326 


Iodine value 


78-2 

71 

Refractive index at 60“ C. 


1-4596 

1 



According to Schroder the fatty acids contain arachidic acid. 


STAFF TREE OIL 

French — Iluile de celastre. German — Celasterol. Italian — 

Olio di celastro. 

TiiiM oil was prepared by Suzzi^ from the seeds of Celastrus Sene- 
galensis, which is widely distributed throughout Erythrea (Italian 
East Africa), where two species, viz. C. Senegalensis and C. serratus, 
occur. In the seeds collected in Hamasen Suzzi found 49-68 per cent 
of fatty matter with the following characteristics : — 

Oil- 


Specific gravity at 15® 
Solidifjdng point 
Saponification value 

Iodine value 


0-9435 
- 3 to - 6 
223-5 (?) 
86-7 

Maumen6 test 


77“ C. 

Fatty Acids — 

Solidifying point 

Melting point 

Neutralisation value 


32-29“ C. 
34-37“ C. 
188-7 

Saponification value 

Moan molecular weight 


189-2 

296-6 


^ Arhb. (1. Kaiserl. Gesvndsh.^ 1911, 43. 

^ I Semi oleosi e gli ol\^ published for the Milan Exhibition, 1906. 
VOL. II 
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The specimen of oil contained 10*12 per cent free fatty acids. The 
oil gives no colouration in the Halphen nor in the Baudouin test. 

The seeds from the shrub Celastrus pafiieulatus yield a darlc-red 
pungent oil from which “ stearine ” separates on standing In Ceylon 
this oil is known as “ Duhudu oil,” and serves as a nerve stimulant ; 
it is also used there for external application to sores. 


OLIVE OIL 

French — Hiiile d’ olive. German— OfenoL Italian — 0/m d' oliva. 

For tables of characteristics see pp. 340-342. 

Olive oil is prepared from the fruits of the olive tree, Oka eiiropea 
sativa, L. 

The olive tree is most likely indigenous to Western Asia, but at 
an early date was introduced into all the countries bordering on the 
Mediterranean. In Syria, especially in the neighbourhood of Aleppo 
and on Mount Lebanon, the olive tree is abundant, and has become 
completely naturalised in Greece, Italy, Spain, and the South of France. 
In Northern Africa, especially in Algeria and Tunis, the cultivation 
of the olive tree has again reached the considerable dimensions which 
it had in the times of the Roman empire, and later on in the tenth 
century, when even exportation of olive oil took place (cp. footnote 3, 
p. 343). Recently the cultivation of the olive tree has been introduced 
into California, South Africa, and Australia. The olive tree thrives 
best in a subtropical climate, and its successful cultivation extends 
in Europe as far north as latitude 44J'^. In America it scarcely extends 
to latitude 34®. 

Attempts have been made in several parts of India to cultivate 
the olive, but although the tree grows well and flowers, the iruit seldom 
matures. 

In Italy the young olive trees bear fruit two years after being 
planted, and after six years they become a source of income. The 
cultivation requires great attention, not only as regards weeding, but 
especially as regards the prevention of diseases peculiar to the olive 
tree. Noticeable amongst the diseases are the “ pourridie,” which 
affects the roots when they receive too much moisture, and “ tubercu- 
losis ” (or “rogne”) caused by Bacillus olece. The latter produces 
tumours which exhaust the tree and cause its death. Fungi which 
especially attack olive trees are : Fumago salici and Cyclocoriium 
oleaginum (“ occhio di pavone ”). The chief damage, however, is 
done to olives by insects, notably by the olive fly, Mosca olivarum 
(moucJie de V olive), also known as Dacus olece. Other insects attacking 
the olive tree are several species of cochineal, such as Lecanium (large 
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cochineal), which assists the development of Fumago saliciy “ Psylle 
de Volivier” Aspidiotis nen% Parhtoria calianthim, and Chilicorus. 
For further information the reader must he referred to the papers 
mentioned in the footnote.^ 

With regard to the formation of the oil in the fruit see Vol. I. p. 1, 
and with regard to constituents of olive leaves and olive bark cp. Power 
and Tutin} 

The olives intended for oil production are gathered just before 
the period of maturity, as the oil obtained from the barely ripe fruit 
is much superior in quality to that obtained from fully ripe or over- 
ripe fruits. 

The proportion of oil goes on increasing to the maximum found 
in the fruit which has reached complete maturity ; it the;\ decreases 
slowly. Ripe olives contain up to 70 per cent of oil. This figure 
is, however, an exceptional one, the fleshy part of the best cultivated 
olives containing only from 40 to 60 per cent of oil. The Algerian olives 
vary in their proportion of oil within wide limits, from 10-03 per cent 
(Tlemcen olives, demi-grosses, Telsi) to 32-98 per cent in the Jemmap 
olives, greflees, Garel. 

More recent analyses of the most important kinds of Tunisian 
olives published by Bertainchand^ are briefly summarised in the 
following table : — 


Olives from 

Yield of Oil. 

R6gion du Nord 


Djebcl Amar \ 

Tobowika 

Tunis j 

Zaghouan j 

. 24-0-39-0 

llbgion du Sahel 


Monastir \ 

Kalaa-Srira / 

. 28-341-0 

Region dll Sfax 

Region de Gafsa 

. 32 

Oasis de Gafsa 

Region du Sud 

. 23-0-33-5 

Oasis d’el Oudiana-^ 

Gab^s 1 

Djerba j 

Zarzis J 

. 22-549-0 


^ Cp. Rapport sur les cultures fruifi^res, et en particulier sur la culture de Voliner^ 
Tunis, 1899 ; Congrh olhcole ct coucaurs regional agricole de l^fax, 18 e( 25 ganvier 
1904, Tunis, 1904 ; J. Dugast, L Industrie olhcole {Encyclopedic scientijigue) ; L. Trabut 
et R. Mares, L’ Alg^rw agricole en 1906 (Olivier, pp. 186-230) ; Alger, 1906 ; Olives ; 
Varieties and their Adaptation, by George E. Colby (Bulletin No. 123) ; Revision 
of Report on the Condition of Olive Culture in California, by A. P. Hayne (Bulletin 
No. 129) ; California Olive Oil, Its Manufacture, by G, W. Shaw (Bulletin No. 158) ; 
L' Exportation des huiles d’ohve tunisiennes en Angleterre, J. Smionot, Tunis, 1909 ; 
“Die Olproduktion am Jer italieiiischen nnd franzo.sischen Riviera”: J. Slaus- 
Kantschieder, Zeitschr.f. landw. VersuchssL, 1909. 

^ Proc. Chem. Soc., 1908, 117. 

^ Dugast, L' Industrie olHcole, Paris, 1905. 
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1 Oil from the Punjab. 2 Derived from observations on 203 samples. 3 By Jean’s themielaeometer. Californian oils. 

60 samples of Dalmatian oils (in one case the iodine value was 92-8). « 105 samples. 7 Italian oils. s Tortelh’s thermoleometor. 
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The Tunisian oils may be classed broadly into three groups : (1 ) Oils 
of the North, (2) 0|s of the Centre, and (3) Oils of the South of Tunis. 
Of course, this clarification must not be taken in too strict a sense, 
for in each part of the country different types of oils are found, the 
composition of which depends on the variety of the olive tree, on the 
state of ripeness, etc. The oils from the North of Tunis (Tebourba, 
Bizerte, and Cap Bon) have as a rule a fruity, slightly pungent taste. 
The oils from the South (Sfax) have a full very delicate taste. Those 
of the Centre of Tunis (Sousse, Monastir, Mahdia) represent an inter- 
mediate type.^ (For analytical characteristics see p. 363.) 

Californian olives also yield much smaller quantities of oil than 
the best-cultivated European varieties. Among the large number of 
analyses published by the Agricultural Experiment Station of the 
University of California the lowest percentage of oil was 11-23 (in the 
locality of Sacramento), and the highest, 22-3 (in Oakdale) ; both 
olives are varieties of the “ mission ” olive, the oldest olive grown 
in the State. The “ ruabra ” olive imported into California from 
France yields up to 27-91 per cent (district of Lincoln). 

When determining the proportion of oil in olives or olive pulp, 
carbon bisulphide should be used in preference to ether, as the latter 
dissolves other (non-fatty) substances together with the oil.^ 

Tlie technical processes employed for the production of olive oil 
furnish one of the best examples of the correctness of the statement 
made at the beginning of Chap. XIII. The very oldest and crudest 
processes still survive in those districts of Algeria and Tunis® which 
are farthest removed from the coast. The difficulty which especially 
besets the production of olive oil is the feature that it is impossible 
to gather all the fruit at the most favourable time and crush it immedi- 
ately. Hence the fruit must be preserved until it can be worked up ; 
otherwise, fermentation, with subsequent hydrolysis and oxidation 
of the oil, sets in (see below). Many methods have been proposed for 
preserving the fruits ; the best seems to be storage in well-ventilated 
rooms, the olives being exposed to the air in shallow layers. Where 

^ Smionot, V Exportation des hndes d' olive tiiimUnnvs en Angkterre, p. 14. 

“ Cp. Peano, Jovrn. Sue. CfieM. Ind.^ 1903, 35. 

^ The culture of the olive tiee iii Tuiu.s dates from about the fii'.st century B.C, It 
was very pru,si)erous until the sixth invasion of the Arabs (693-694 a.d.), who destroyed 
a great nmiiber of plantations. During a later invasion of the Arabs in 1048 the olive 
trees of the Sfax district were entirely destroyed. Fresh ])lantations were not made 
before 1800-1810. Since then the olive culture has developed gi’eatly, so that the 
number of olive trees m Tunis was estimated, in 1908, at 11,222,525. In the Sfax 
district, the most important and progressive in Tunis, two kiinls of olives are planted 
for eating purposes: (1) the “niellahi,”a round fruit reaching sometimes the size of 
a small apiicot, which is picked green for salting ; and (2) the “nab, which is smaller 
than the former and has an oval shape. The olives grown for oil production are of 
tlie “chemlali” type. This fruit, which is much smaller than the “ raellahi ” and 
“ nab," grows over the whole of North Africa. Two-thirds of the oil produced in Tunis 
comes from ^rab mills, where the most rudimentary processes still survive, the “ mill ’’ 
being merely a roller turning imside a cylindrical basin ; the roller is driven by animal 
power. The fruits and stones reduced to a pulp are spread over round pieces of matting 
made of esparto gras.s which are put into a wooden press when a mixture of water and 
oil exudes. Tf the olives cannot be worked up immediately, they are placed in a dark 
room and each layer of olives is covered with salt. 
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this is not possible, recourse is had to preservation in sea-water or brine, 
with exclusion of air.^ Storage in refrigerated chambers would 
undoubtedly be better,^ but this may be too expe*ive. 

In this work only the most modern methods adapted to large scale 
operations can be considered. They consist in working up the olives 
by the mixed process (p. 29), i.e, by expression and subsequent extrac- 
tion. Therefore, reference can only be made in passing to processes 
such as those proposed by Kuess^ Funaro,^ Tanquerel,^ ^Migvel del 
Prado, ^ Acuna y Gomez de la Torre, Acapulco,^ Sagols,^ G. Quintanilla,^^ 
and J. Bernardini (cp. above p. 2). 

The machinery employed in the production of olive oil varies con- 
siderably in the different countries, although in the main it is of the 
same kind as that described in broad outlines in Chap. XTIT. For a 
description of the special apparatus employed in Tunis and California 
(adapted from the methods worked in France and Italy), the reader 
must be referred to the special work by Dugast and the “ Bulletins ’’ 
published by the Agricultural College of the University of California. 
It may suffice here to give in a general way an account of an ideal 
process producing all kinds of olive oil from the very finest down to the 
very lowest, and embracing the various methods in vogue in the different 
countries. 

The very finest oils are obtained from hand-picked fruits by first 
crushing thorn in a mill without breaking the kernels. Exceptionally 
fine qualities are prepared by peeling hand-picked fruits and pressing 
lightly, after carefully removing the kernels. The crushed marc is 
then expressed in a hydraulic press ; the oil so obtained ranks as the 
best edible oil — huile vierge, huile surfine.^^ Commercial brands of this 
quality are “ Provence Oil,” “ Aix Oil,” “ Nice Oil,” “ Var Oil.” The 
oils sold as “ Finest Tuscan Cream,” ” Riviera Oils ” (Genoa), “ Bari 
Oils ” also rank amongst the best edible oils, although they are distinctly 
lower in value than the South of France oils, and approximate more 
closely to the following somewhat inferior (juality. The latter is 
obtained by pouring some cold water on the marc, after the pressure 


^ Klein, Zeitschr. f. angew. Chtmu, 1898, 848; Masibaum, Qhm,. Revue, 1904, 
No. 345. 

Cp. G. Saui, Atti R. Acmd. dei Lincei, Roma, 1912 (21), 364 ; cp. also 0. Klein, 
Chem. ZentralbL, 1912 (L), 1664. 

* French patent 291,559, 1899. Rtaz. esper. ogiar Hal., 1902, p. 916. 

^ French patent 345,849 French patent 365,187, 1906. 

^ French patent 403,015. 

® Cp. Bertainchand's “Report" at the Cong^vs Ok'icole, Avignon, 1912. (The 
process is also known as the Acapulco- Mingioh process) ; c|). also Les Matieres grasses, 
1913, 3011. “ French patent 411,943. 

French patent 419,207. French patent 431,351. 

The method of knocking off the fruits by poles loads to bruising of the olives ; such 
damaged olives furnish an inferior oil. 

Marcille [Bulletin de la Direction de V Agriculture du Gmiunerce et de la Colonisa- 
tion, Tunis, 1907, 631) points out that the epidermis of olive.s is richer in vegetable acids, 
has a harsher taste, and contains larger amounts of tanning and ethereal .substances than 
the marc. He further showed that these foreign sukstances pass to a greater eitent into 
the olive oil, if the pulp is more thoroughly broken up and the pressure higher than 
in the case of peeled olives. The superiority of the “virgin oil" is therefore easily 
explained and does not seem to be conditioned by the removal of the kernels. 
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in the hydraulic press has been released, and pressing again. Such 
inferior oil is also qi>ld as an edible oil either alone or after admixture 
with the oil of the first expression — “ Salad Oil,” huile fine, huile de 
table ordinaire. 

The pulp is now taken out of the press, mixed with hot water, and 
pressed again once or twice. Thus the bright oils used for various 
technical purposes—Zmi^e de commerce, huile d'industrie, huile echaudee 
— are obtained. They are especially used for lubricating purposes, 
as burning oils, and for soapmaking, under the following names : 
huile lampante, huile a hruler, huile d fahrique ; olu lavate (w'aslied 
oils). 

All the oils obtained so far are somewhat turbid and must therefore 
be brightened by washing and filtering.^ In the case of the edible oils 
settling and subsequent filtration sufiice for the production of merchant- 
able oils. Most of the technical oils are treated in the same way ; oils 
of lower qualities arc refined in the same manner as rape oil, i.e. by 
treatment with sulphuric acid. 

In the majority of the smaller works the kernels are not removed and 
are crushed together with the fruit. In large establishments, however, 
the kernels are removed and crushed se])arately, yielding the olive 
kernel oil, described p. 367. Opinions, however, dilTer as to the 
advantage this procedure is said to offer. At any rate for low^er class 
edible oils the removal of the kernels seems to make no diffeience in 
the quality of the oil.^ 

The repeatedly pressed pulp — grignons (hucchieife, polpe) — still 
contains a considerable amount of oil, varying m a number of samples 
examined by the author from 10 to 22 per cent. The pulp is now beaten 
with hot water in special mills — mmlins de ressence — resembling the 
well-known edge-runners. The oil cells are thereby further broken 
up ; the ground mass, together with the water, is then allowed to run 
into a series of vessels, arranged in tiers, where the water separates 
from the oil and broken cellular tissues. The oil and the tissue rise 
to the surface, when they are skimmed off, whilst the heavier crushed 
kernels fall to the bottom. The latter are known as grignon marc hlanc. 
The emulsion of oil and cellular tissue, which has been skimmed off the 
water, and is known as grignon marc noir, is heated and subjected 
to a fresh expression in a hydraulic press. The oil so obtained is 
termed huile de ressence, and the pressed residue is known as tourteau 
de ressence. The huile de ressence is allowed to rest in large tanks at 
a somewhat elevated temperature, when a clear oil separates on the 
top — huile claire de ressence — and a lower layer of thicker oil — “ Olive 
Oil Grease ” — pdte de ressence — settles out. Such an “ olive oil grease ” 
examined in the author’s laboratory contained 48 per cent of free 
fatty acids. In consequence of the repeated treatments, this oil has 

^ A special apparatus for washing olive oil has been patented by V. Coq, French 
patent 360,733, 21st December 1905. 

^ Cp. Passerini, Staz, sperim. mjr. italiani, 1904 (37), 600. Marcille [Bulletin de la 
Direction de V Agriculture du Commerce et de la Colonisation, 1907) discusses this subject 
exhaustively, and .shows that the previous .separation of the kernels from tlie pulp is an 
unnecessary operation and only le^s to higher working costs. 
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become oxidised to some extent, A specimen of pdte de ressence 
examined by Meriden ^ contained about 10 per cent of lactones. 

In some establishments the marc, instead of being boiled with 
water, is thrown into pits where the pulp undergoes a kind of fermenta- 
tion (see below under “Free Fatty Acids”), whereby the oil is set 
free and gradually rises to the top. Oil of this kind is known as huile 
d^enfer, huile dHnfect, Nachmuhleyiolf Ildllenbl^ Sottochiari. The name 
huile d'enfer is applied also to oil settled out from the waters obtained 
from the press after moistening and boiling the pulp, which has been 
stored in underground cisterns, “ enfers.'* To this class of oils belong 
the hagassa (bagasse) oils, which are obtained fi’om fermented marc, 
principally in Portugal. These oils contain as much as 60-70 per cent 
of free fatty acids. 

“ Tournant oil ” is a commercial product of the quality of the 
“ huiles d'enfer,'' obtained from the fermented marc of expressed 
olives ; it contains a considerable quantity (up to 26 per cent) of 
free fatty acids, and, therefore, forms a very complete emulsion with 
a solution of sodium carbonate, which constitutes its value as Turkey- 
red oil (Chap. XV.). It was first employed for this purpose by Hauss- 
mann in 1792, and again recommended by Koechlin Frhes in 1811. 

The cake remaining after the removal of the Miile de ressence, termed 
tourteau de ressence, or sanza, is finally deprived of its last content of 
oil by extracting with solvents, sometimes after a preliminary drying. 
The solvent most usually employed in France and Italy is carbon 
bisulphide. Hence, these oils are termed sulphocarbon oils, sulphur 
olive oils, huiles de 'pul'pes Folive sulfurees, huiles de pulpes d’oUve, 
huiles F olive sulfurees ; Sulfurole. They have a deep green colour, 
duo to chlorophyll extracted by the solvent, and contain the more 
solid portion of olive oil which has remained in the pulp. The propor- 
tion of lactones in these low-class oils is, however, small, due to the 
slight solubility of lactones in carbon bisulphide (or petroleum ether). 
Meriden ^ states that sulphur oils contain as a maximum 1 per cent 
of lactones. Some such sulphur oils (Italian atid Syrian) examined 
by the author (Vol. I. Chap. V.) contained from 48 to 64 per c^nt of 
free fatty acids. These oils arc characterised by the presence of organic 
sulphur compounds. (For the detection of sulphur see Vol. I. Chap. 
IV.) For the bleaching of such oils by means of organic peroxides 
cp. French patent 378,515 (Vereinigle Chemische WerJce, Charlottenhurg). 

Suggestions have been recently made aiming at the extraction of 
the sanza with carbon tetracliloride,^ or trichloro-ethylene (p. 24) ; 
these solvents cannot compete with the cheaper carbon bisulphide. 

Instead of extracting with carbon bisulphide, Rodolphe Bernard 
proposes to treat the intimate mixture of pulp and water — crasse 
d'huile d'olive — mth concentrated sulphuric acid in order to break 

^ Etudes sur la constitution des savons de commerce, Marseille, 1906, p. 106. 

2 Ibid, p. 10. 

^ Cp. P. Beriianl, French patent 338,364 ; cp. also Vol. III. Chap. XVI. A 
description of the process and a calculation of cost had been given by R. Jurgensen 
[Zeitschr, /, angew. Chem., 1906, 1.546), who curiously enough states that the apparatus 
is made entirely of iron, and is not attacked by carbon tetrachloride. 
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the emulsion.^ This method cannot compete with the extraction 
process. 

The water — eau de vegetation — which collects in the pits after 
decantation of the supernatant oil is a black acid liquid known as 
“ margines,” agua ruqa. The specific gravity varies from 1-050 to 
1-060. It contains small amounts of nitrogenous substances, potash 
salts, and other extractive substances from the flesh of the olive. 
Hitherto this liquid has not been worked up commercially, not even 
for the recovery of the potash it contains.^ 

The extracted cake is sold as manure. The press residues, which 
have yielded superior kinds of olive oil, would bo suitable for feeding 
cattle, but as the oil which can be easily recovered by extraction — 
about ten per cent of the residues — is too valuable, olive cakes are 
only used locally and to an inconsiderable extent. Moreover, consider- 
able quantities of nitrogenous substances and potash salts are lost 
to the cakes by having passed into the “ margines ” ^ (see above). 
The olive cakes bectome so rapidly rancid that they would have to be 
used up in the fresh state. Still, small quantities of the pressed residues 
are fed locally to pigs. Miguel del Prado in his above-mentioned 
French patent 365,187 especially claims the production of feeding 
cakes.^ 

Various proposals have been made to work up the extracted olive 
oil residues by destructive distillation (Jurgensen^). Guerrero de 
Smirnoff^ took out a patent for working up the residues for char 
(carbon) on the one hand and ammoniacal salts, acetates, methy alcohol, 
etc., on the other hand, by a process of dry distillation.'^ 

The commercial importance in the Mediterranean of olive oil may 
be gathered from the following table : — 


^ Frencli jiatcnt 3125,966. 

^ Ci». Le'i Hailes d’ohi'es de, Tuvisie et VvtihtaUion des maujivesy E. Milliaii, Bertaiii- 
cliaiid, et F. Malet, Moniteur scieniijK/ae, 1900, 508 ; E Milliaii, liu/lef, de la Dnectivn 
de, r AgricuUuie et de la Commerce, Tunis, 1903, p. 488. 

^ Cp. 0. Klein, Zeitschr. f. aiujew. Chem., 1900, 635. 

Cp. also M. Hieguet and A. Bengeseo, French patent 372,782. 

^ Paris Congress of Applied Chemistry, 1900. 

French patent 363,970, 190.5. Cp. .also Marchette and Moleo, Chem Zed., 1906 
972. 

^ T. Mancini, Sfaz. sfieriin. agrai. Ual. 42, 653. Cp. also French jiatents 399,341 
and 399,342 of Las Indusinas del olivo. 


[Table 
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Mean ^ Production of Olive Oil during 1900 to 1906 in the 
Mediterranean Basin ^ 

Hectolitres. 

. 2,660,000 
. 2,604,330 
. 1,980,000 

601,411 
. 398,150 

. 333,000 

301,100 
231,000 
65,366 

9,174,357, or about 820,000 tons. 

It will be seen from the above table that France produces a com- 
paratively small amount of olive oil. Large quantities, however, are 
imported, especially from Algeria and Tunis, ^ to be mixed with home- 
grown oil, a portion of which is again exported. The following table 
gives the French imports and exports of olive oil during 190(>-1911 


Italy . 

Asiatic Turkey 

Greece ^ 

Portugal 

Franco 

Tunis . 

Algeria 

Austria 


^ The viean jtrofhictiou is given, as the production varies within very wide limits 
from year to year, the ^conditions of weather, ravages by insects, etc., inHiienciiig the 
harvest to an extremely large degree. 

Statistics ot the French Ministry of Agriculture. 

® I'or a report on the ])roduction of olive oil in Crete cp. Zeitschr.f. angew. Cheiii., 
1907, 1917. 

The exports of olive oil fiom Tunis during 1902-1907 were as follows : — 


. To 

1S'02 

1903. 

1904. 

1905. 

1900. 

1907. 

Franco . 

Algeria 

Other countries . 

Tons 

3,5*17 

43 

.538 

Tons. 

S,874 

.59 

2(il 

Tons. 

11,312 

189 

2,275 

Tons. 

6,389 

73 

2,892 

Tons. 

8, .591 

214 

2,496 

Tons. 

11,937 

624 

.3,580 

Total . 

4,128 

4,194 

13,770 

9,321 

11,271 

i 16,041 


[Table 
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The exports of “ refined ” olive oil and of all other grades from Italy 
for the years 1905-1911 are given by the Italian Customs authorities 
as follows 

Italian Exports of “ Refined ” Olive Oil 


Exported to 


United States 
Austria-Hungary 
Germany . 

Great Britain . 
Holland . 
Switzerland 
Egypt . . 

Other countries 

Totals . 


Quintals.i 


1905. 

190(5 

1907. 

1908. 

1909. 

1910. 

1911. 

38,687 

71,400 

29,188 

23,477 

20,106 

42,397 

44,479 

7,752 

22,203 

28,998 

6,73il 

6,986 

21,633 

15,911 

5,490 

11,132 

15,690 

9,591 

3,348 

10,013 

7,762 

4,102 

0,432 

5,861 

2,525 

4,295 

4,65b 

6,573 

8,403 

23,519 

12,648 

12,327 

3,695 

9,323 

13,863 

6, 030 

11,294 

7,026 

8,924 

2,038 

12,576 

5,981 

4,867 

19,285 

15,353 

3,855 

8,788 

20,765 

16,214 

4,900 

8,894 

8,539 1 

9,751 

(.,342 

l),103 

5,808 

81,237 

177,259 

113,890 

75,189 1 

55,728 

127, 46(, 

115,591 


Italian Exports of all other Grades of Olive Oil 


- - 

Exported to 

1905. 

1906. 

■ 

1907. 

Quintals.’ 

1908. 

1909. 

1910. 

1911. 

Austria-Hungary 

18,293 

25,834 

19,013 

17,784 

6,258 

21,794 

9,330 

7,274 

France 

43,191 

116,312 

60,766 

44,974 

40,291 

33,643 

Germany . 

11,058 

21,222 

17,793 

8,490 

3,928 

5,677 

3,735 

Great Britain . 

22,184 

29,737 

25,000 

18,991 

11,521 

16,471 

13,103 

Russia 

29,765 

22,854 

26,677 

8,319 

10,903 

4,049 

2,992 

Switzerland 

5,668 

8,819 

7,124 

6,459 

1,682 

2,493 

2,031 1 

Egypt . . 

1 1,956 

1 6,810 i 

2,636 

2,136 

1,289 

1,991 1 

889 1 

United States . 

62,677 

1 95,258 

j 82,198 

91,798 

62,224 

96,040 

93,096 

Brazil . 

8,820 

12,320 

14,495 

12,950 

6,730 

15,862 

11,873 

Argentina . 

68,266 

109,194 

90,347 

i 127,115 

1 47,507 

73,534 

69,981 

Uruguay . 

3,893 

8,190 

i 9,402 

1 7,428 

I 1,797 

3,421 

2,950 

Other countries 

17,440 

33,032 

32,976 

10,461 

25,060 

16,205 

17,103 

Totals . 

273,101 

488,582 

388,427 

355,905 

■ 206,693 1 

285,164 

248,670 


The imports of olive oil into the United Kingdom (chiefly from Italy, 
Spain, and France) are given in the following table : — 


Year. 


Tons. 

Year. 

Tons. 

1866 . 


16,935 

1906 . 

. 14,386 

1870 . 


23,202 

1907 . 

. 12,328 

1876 . 


36,463 

1908 (unrefined) 

. ' 6,330 

1880 . 


20,260 

1908 (refined) . 

5,822 

1885 . 


24,227 

1909 (unrefined) 

4,788 

1890 . 


20,187 

1909 (refined) 

4,186 

1895 . 


14,834 1 

1910 (unrefined) 

6,905 

1900 . 


12,044 

1910 (refined) 

6,311 

1902 . 


18,978 

1911 (unrefined) 

4,424 

1903 . 


14,485 

1911 (refined) 

4,336 

1904 . 


16,010 

1912 (unrefined) 

9,611 

1906 . 


12,042 

1912 (refined) 

6,686 


1 1 quintal =220 *46 lb. 



XIV 


OLIVE OIL 


351 $ 


Some details as to \ihe exporting countries are contained in the 
following table : — 


Olive Oil imported into the United Kwgdom (in metric tons) * 


From 

1902. 

‘ 1903. 

1 

1904 

1 

1 

1905. 

1906 ’ 

! 1907. 

j 1908. 

1 1909. 

1910 

I 

1911 ’ 

1912. 

Algena . 

Italy 

' i 4,(il7 

~ 1 

2,084 

2,880 

7 

1 2,820 

08 

4,798 


1 1,796 

i 1 

’ 1,190) i 

1,7.64 

1,357 

1,480 

Spain 

11,978 

1,482 

9,543 

9,928 

1 4,043 

228 


1 726 

! 84.6 i 

1,701 

827 

2,009 

France 

1,213 1 

1 1,324 

1 1,422 

2,348 


! 2,08.6 

1,491 

1,021 

1,11'» 

1 ,00)4 

Gr«('ce . 

039 

112 

j .397 

! 114 

992 


! 428 

71 ' 

48] 

234 

78,6 ^ 

Crete . 

Tunis 


277 

2.51 

1 637 

2,812 

1 

1 131 

1 

110 i 

319 ! 

9(. 

1 

13 1 

j 


Owing to the ravages of the olive fly (and in latter years owing to 
the introduction of other edible fats and oils) the production of olive 
oil in Italy has decreased, and olive oil has been imported in growing 
quantities from Greece, Spain, and Austria-Hungary. Whereas the 
import of olive oil during the years 1905-1909 amounted to 51, OCX) 
quintals only, it had risen in 1910 (when the harvest was bad) to 58,000 
quintals (other edible ods which were imported during 1905-1909 to 
the extent of 172,000 quintals had risen in 1910 to 311,000 quintals). 

The German imports of olive oil are given in the following table :~ 


Imports 


From 

mil. 

1912. 


Tons. 

Tons. 

Franco . 

933 

1,476 

Greece , 

224 1 

434 

Italy 

1,110 1 

1,799 

Spain 

67 1 

435 

Turkey . 

60 j 

116 


In tlie Southern Caucasus the production of high-class olive oils has 
been taken in hand. The olive oil produced there represents two 
distinct varieties, of different taste and colour. They are known as 
“ Artwin ” and “ Barku ” olive oils. 

As regards California, in the year 1899 two and a half million olive ^ 
trees were counted, which were judged to be alile to furnish over two * 
million gallons of oil, not counting the olives required for preserving. 
This quantity has, however, not been produced,^ as the consumption 
of olive oil in the United States of America is covered to the greatest 
extent by the importation of olive oil from France, Italy, and Spain ; 
smaller quantities are imported from Greece, Portugal, and Austria. 
The products of the last three countries are not only cheaper — not- 
withstanding import duty — but are also preferred on account of their 
flavour ; for most of the oil produced in California has still a harsh 
flavour. This difficulty militates against the more rapid expansion of 

^ The maxiitiuin amount of olive oil produced ia stated not to have exceeded 
600,800 gallons. 
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the industry at present, but it is hoped that it will be overcome by the 
great eiSorts being made by the olive growers under the segis of the 
^Agricultural Experiment Station of the University of California, 
t The production of oil in South Australia is also increasing rapidly. 
Whilst in 1901, 65^0 gallons only were produced, the Colony possessed 
in 1902, 66,852 olive trees yielding 11,327 gallons of oil. In 1907 the 
number of olive trees was 83,513, and the oil obtained per annum 
amounted to 15,0(X)-18,000 gallons. The samples of olive oil shown at 
the Franco-British Exhibition of 1909 were practically neutral and 
had an agreeable taste. 

From the above sketch of the processes employed for the production 
of olive oil it will be readily gathered that the specimens found in com- 
merce must vary to a considerable extent, their quality depending on 
many circumstances, such as the variety of the olive tree itself (Italy 
alone produces about 300 varieties of the olive), the climatic conditions, 
the nature of the soil, the degree of ripeness of the fruit, the manner of 
gathering it, the mode of expressing, etc. The value of the edible 
oils in particular depends on their limpidity, colour, and especially on 
their taste. 

Limpidity is one of the chief properties a good edible oil should 
possess. This is, in the first instance, obtained by proper filtering 
and then by allowing the oil to deposit all the “ stearine ” that will 
settle out at such temperatures as the oil is required to withstand. 
An oil which will remain clear at 10° C, will always command a higher 
price than an oil which becomes turbid or even sets to a pasty mass at 
this temperature. 

The colour of olive oil varies considerably ; the commercial oils 
represent all shades from water-white to golden-yellow ; a green colour, 
which is very pronounced in low-class olive oils, is due to dissolved 
chlorophyll. 

The taste of purest olive oil is bland and pleasant ; it varies, how- 
ever, with the locality where the fruit has been grown. Thus, the oils 
obtained from Tuscan fruits possess a decidedly more agreeable taste 
than those from Ligurian olives. Much also depends on the degree of 
ripeness of the fruits at the time of gathering. Therefore purity ^alone 
is not a sufficient test in the valuation, of a sample of edible olive oil. 

^ An oil may be free from adulteration apd still be an inferior oil, on 
account of its harsh or rank or even nauseous taste. Canzoneri ^ 
isolated from the bitter and harsh Puglia olive oils eugenol, to which 
he ascribes the harsh taste ; and further catechol, gallic acid, tannin, 
and an unknown substance, all of which are said to cause the bitter 
taste. It is noteworthy that the objectionable taste disappears in time. 
The large quantities of edible oils produced in Tunis are frequently 
admixed with the best brands of French and Italian edible oils, in 
order to mask their somewhat harsh taste. 

The solid fatty acids of olive oil consist of palmitic and a minute 
proportion of arachidic acid. Hekner and Mitchell ^ did not obtain 
1 Oazz. Chm. Ital. 27, ii. 1. ^ Analyst, 1896, 328. 
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stearic acid crystals from olive oil ; therefore absence of stearin must 
be taken as proven. 

Holde ^ endeavoured to resolve the mixed solid fatty acids of olive 
oil into' their components, and obtained a small quantity of an acid of 
the melting point 72-72'8° C. and molecular weight 368'7. It is left 
open to doubt whether this acid is lignoceric acid (melting point 80-5° 
and molecular weight 368). This disposes of the statement previously 
made by Holde and Stange ^ that olive oil contains “ oleodaturin,” the 
“ daturic ” acid having been found to represent a mixture of acids 
(cp. Vol. I. p. 161). 

Tolman and Munson^ found tlie amounts of solid fatty acids (by 
the lead-salt ether method) in eighteen samples of Italian olive oils to 
vary from 5-0 per cent (in a Tuscany oil of the iodine value 80*7) to 
17-72 per cent (in a Bari oil of the iodine value 81-2). Thirty-eight 
Californian olive oils furnished from 2-0 per cent (in a Santa Barbara 
oil of the iodine value 84-7) to 12-96 per cent (in a Cloverdale oil of 
the odine value 81-9) of solid fatty acids. 

These numbers seem to be somewhat conflicting, but they dispose 
finally of the statement, first made by Gerhardt,^ that olive oil contains, 
as a rule, about 28 per cent of solid glycerides. 

Tunisian oils from Sfax contain, according to BertaincJiand,^ up to 
25 per cent of solid fatty acids. Hence these oils deposit “ stearino ” 
at -H 9° to + 10° C. The following table supplies some details : — 



Solid Fatty 
Acids. 

1 Liquid Fatty 

I Acids 

Olive oil from the North (Tunis, Bizerte, Cap-Bon, 

Per cent. 

1 Per cent. 

Mecljerdah) 

! 15 

! 85 

Oil from the Centre (Sousse, Mahdia, Monastir) 

> 21 

79 

Oil from 8£ax 

1 25 I 

75 

Oil from the South (Gabds, Oafsa, Djerha) 


85 I 

! 


In order to free the Sfax oils from the excess of “ stearine,” it is 
* necessary to “ demafgarinate ” them (cp. Chap. XIII.). 

The liquid glycerides were formerly considered to consist of practic- 
ally pure olein (notwithstanding a conjecture of Mulder as to the 
presence of an unsaturated fatty acid other than oleic), but Hazura and ^ 
Griissner have shown that the liquid portion of olive oil contains also 
linolic acid, approximately in the proportion of 93 oleic acid to 7 linolic 
acid. Hence the calculated iodine value of the liquid fatty acids 
• would be 96-56. 

Milliau, Bertainchand, and Malet ^ found in Tunisian olive oils from 
Bizerte, Tunis, Sousse, Sfax, and Gafsa the following respective iodine 
values of the liquid fatty acids : 105-7 ; 113-4 ; 116-5 ; 118-2 ; and 

* Berichte, 1905, 1250, . * Berichte, 1901, 2406. 

^ Journ. Avier, Chevi. Soe., 1903, 956. 

* Chimie organique, tome 2, p. 901. 

® Bull, de la Direction de VAgric, et du G(y>nm. Tunis, 1903 (viii.), 167. 

VOL. II 2 A 
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106*9. More recent results by Bertainchand : Region du Nord, 95*48- 
107*66 ; Region du Sahel, 98*37-109*32 ; Region de Sfax, 103*74 ; 
Region de Gafsa, 103*5-111*95 ; Region du Sud, 95*37-105*4. 

The minimum iodine value of the liquid fatty acids in the above- 
mentioned eighteen Italian olive oils, examined by Tolman and Munson^ 
was 89*8 ^ (Tuscany oil of the iodine value 80*7), and the maximum 
98*4 (in an Abruzzi oil containing 13*51 per cent of solid fatty acids). 
The lowest iodine value of the liquid fatty acids of the thirty-eight 
Californian olive oils was 88*9 (in a Napa oil of second expression), 
and the highest iodine value of the liquid fatty acids 99*6 (in a Chico 
oil containing 5*12 per cent of solid fatty acids). 

By catalytic reduction of olive oi] with hydrogen and colloidal 
palladium in the cold Paal and Roth^ obtained a solid fat, softening 
at 43° C., completely liquid at 47° C., and having the iodine value 9. 
The amount of hydrogen absorbed was three times the theoretical one. 
Reduction with nickel as a catalyst requires a higher temperature. 

Hydrogenation of olive oil has also been effected at an elevated 
temperature by means of osmium dioxide, obtained in the reacting 
mass itself from osmium tetroxide (F. Lehmann ^). 

Free Fatty Acids. — The best and finest edible oils should contain 
practically no free fatty acids. Even the salad oils are practically 
devoid of free fatty acids, as they contain as a rule no more than 0*2-0*5 
per cent of free fatty acids. Inferior oils exhibit larger amounts. 
The longer the oil is allowed to remain in contact with the fleshy part 
of the fruit, the greater will be the production of free fatty acids (cp. 
Vol. I. p. 50). The exceedingly rapid decomposition olive oil undergoes 
when left in contact with the marc, is undoubtedly due to a ferment. 
Indeed, Tolomei ^ isolated a ferment, “ olease,” to the action of which 
he ascribes the rapid fermentation taking place in stored marc. 

In order to show how the proportion of free fatty acids varies with 
the manner of gathering the fruit, I append the following table (due to 
0. Pollatschek) : ® — 


Fresh Fruit — 

Gathered by hand, fresh .... 
Gathered by hand after 24 hours . 

Knocked off with the aid of poles, fresh . 
Knocked off with the aid of poles, after 24 hours 


Free Fatty Acids. 
Fer cent. 

. 0-8 

. 0-85 - 

. 1-4 

. 5-4 


Besides this ferment, fungi, such as Penicillium glaucmn and Sac- 
charomyces olei (discovered by van Tieghem) contribute to the hydrolysis, 
they on their part most likely producing a lipolytic enzyme. It there- 
fore follows that in order to prevent hydrolysis the oil must be separated 
as carefully as possible from the putrescible marc. Once hydrolysis 
has set in, olive oil, like other oils, becomes rancid on exposure to the 

^ Journ. Avier. Cliem, Soc., 1903, 956. 

® This luiniber d(?es not necessarily j)oiut to the absence of linolic acid, since the 
“liquid ” fatty acid.s very likely contained soipe saturated latty acids. 

Benchte, 1908, 2283 ; 1909, 1547. 

** Archui d. Pluirm., 1913, 261 , 152. ® Atti R. Accad, dei Lined, 1896. 

® Chem. Revue, 1907, 4. 
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atmosphere. The very high percentage of fatty acids in bagasse oils, 
as also in sulphur oils (see p. 346), is thus readily explained. From a 
very rancid olive oil Scala ^ isolated oenanthylic aldehyde ; formic, 
acetic, butyric, 03 nanthylic acids, and some soluble acids, presumably 
azelaic and suberic acids. The acetyl value of an old commercial oil 
was 10*6 {LewJcowitsch). In the following table some further data 
are given. 

Free Fatty Acids in Olive Oil 


Description of Sample. 

Number of 
Samples. 

Free Fatty Acula 
as Oleic Acid. 

Observer. 

Commercial oil . 

49 

Per cent. 

Less than 5 

Arch butt 

jj )»•••' 

66 

5-10 


n >»■••• 

44 

10-16 


), . 

1 

20-25 

Thomson and 


11 

3-86-11 -28 

,, ,, (Syrian) . 

1 

23-88 

Ballantyno 

Moerck 

,, ,, (Californian) 

3 

1-55-8-33 

,, ,, (European) 

3 

0-97-1-09 

Tolinan and 

,, (Italian) . 

18 

0-57-2-79 

,, ,, (Californian) 

38 

0-20-3-51 

Munson 


The following table, culled from observations of Masthaumy^^ shows 
in an instructive manner the changes which the oil undergoes in stored 
olives. The olives were “ bagassa ” olives which had to bo stored, 
owing to the impossibility of working them up immediately. 


Oil from 

Fi ee Fatty 
Acids. 

Iodine 

Value 

— 

Acetyl 

Value. 

Fresh olives . . .... 

Per cent. 

p-33 

76-3 

4-8 

Olives preserved five months — 

(«) In bnne, without removing the brine . 

6-72 

76-6 

10-1 

{b) 111 lunning water .... 

6 08 

76-7 

15-6 

(c) In biino, the brine being removed at 
intervals 

23-26 

77-2 

25-1 

{d) By drying . 

49-02 

77-7 

30-9 

I 


Olive oils containing more than 5 per cent of free fatty acids arc 
not suitable for lubricating purposes ; they are also unsuitable for 
burning, as they cause charring of the wick. 

The unsaponiflable matter in olive oil, as in all vegetable oils, is 
phytosterol. The minimum and maximum amounts of unsaponiflable 
matter recorded for a large number of samples are ^^*46 and 1*42 per 
cent respectively. 

^ Staz. Sperim. Agric. Ital. 30, 613. / - \ 

Cliem, lieme, 1904, 66 ; cp. also Lewkowitsch, Jahrbuch d. Chem,y 1904 (xiv.), 
430. 
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In a “ fine Malaga olive oil ArchhuU found 1-3 per cent of un- 
saponifiable matter melting at 4r-42° C. and having the iodine value 
259. In some de-acidified pulp oil the same observer found 2-49 per 
cent of unsaponifiablc matter having the specific gravity (at 60° F.) 
0-9346, melting point 50-5°-52-5° C., iodine value 105-4 (another specimen 
had the iodine value 158-9), yield of mixed acetates 105-2 per cent 
(saponification value 86-3 and melting point 35°-38° C.). 

Olive oil is the type of a non-drpng oil. Hence it shows in the 
Maumene test, as also in the heat of bromination test, the smallest rise 
of all vegetable oils, and absorbs also the lowest amount of oxygen in 
LivacMs test (Vol. 1. p. 471). The lower qualities become more readily 
oxidised ; hence “ olive oil grease ” contains notable amounts of lactones 
as also of oxidised fatty acids. At higher temperatures even good olive 
oils, if spread on lead powder, become oxidised. 

The influence which blowing with air at 100° C. exercises was 
examined by Procter and Holnm ^ with the following result : — 



Hours. 

Specific Gravity. 

Refractive Index. 

Iodine Value. 

Original oil . 


0-912 

1-4095 

86-0 

Blown oil , 

3 

0-913 

1-4696 

86-0 


6 

0-913 

1-4697 

82-0 

) > M • • • 

9 

0-913 

1-4698 

80-0 

MM* • 

12 

0-913 

1-4699 

1 80-0 

MM * • » 

15 

0-914 

1-4700 

' 79-0 


18 

0-914 

1-4700 

79 0 ' 

M M • ♦ • 

21 

0-915 

1-4700 

79 0 

MM* ♦ 

24 

0-918 

1-4701 

76-0 


On account of its comparatively high price olive oil is adulterated 
to an enormous extent. How far the blending of Various olive oils 
of different qualities should be considered as sophisticated must be 
decided in each given case. Undoubtedly “ finest Nice oil,’^ prepared 
by blending a genuine Nice oil with Tunisian or other olive oil, must 
be considered as of inferiof quality. But since purely chemical tests are 
incapable of deciding this question, which is readily settled by the taste 
and by taste alone, an analyst without special experience in that 
direction would have to pass such oil as genuine Nice oil. 

Even in judging the quality of commercial olive oils which are free 
from admixture with other oils, discrimination as to quality is important. 
The amount of free fatty acids alone is no longer decisive, inasmuch as, 
especially during latter years, owing to the failure of the harvest, low- 
class oils have been brought up to neutrality by eliminating the free 
fatty acids. ^ These oils, however, retain some impurities which cannot 
be removed in the de-acidifying process. Such impurities are, in addition 
to oxidised oil, a high amount of unsaponifiablc matter. ArchhuU^ 
examined a numj^er of such de-acidified “ pulp oils ” with the result 
set out in the following table : — 


^ Journ. Soc. Chem. Ind., 1906, 1287. 

'-i Cp. T. Lupieri, Italian patent 339/76/111,913, 1909. 
* Journ. Soc. Chm. Ind., 1911, 5. 




xrv 


OLIVE OIL 


357 




368 


GLYCERIDES— NON-DRYING OILS 


CHAP. 


The amount of oxidised acids was not determined. 

Furthermore, the qualities of the oils are lowered by admixing 
with them either such de-acidified oils or even sulphur olive oils. 

A method for the detection of sulphur olive oil in expressed olive 

011 has been based by Halphen ^ on the conversion of sulphur compounds 
into thiosulphates, which remain in solution when the soap is salted 
out by sodium sulphate. Fifty c.c. of the sample are saponified with 

12 c.c. of a solution of 100 grams of pure sodium hydroxide in 76 c.c. 
of w'ater, by heating to 110*^ C. in a porcelain basin. The heating is 
then continued until the mass ceases to froth, the temperature reaching 
then about 160° C. The mass is continually stirred until the temperature 
has fallen to 110° C. The finely granulated soap is dissolved in 200 c.c. 
of hot water, and the solution agitated until cold. The solution is then 
shaken with 100 c.c. of a saturated solution of sodium sulphate, after 
which 20 c.c. of a 33 per cent solution of copper sulphate are introduced, 
and the liquid thoroughly stirred and filtered. The object of adding the 
copper sulphate is to convert into soluble copper salts foreign substances 
occurring in certain expressed olive oils, which give a brown precipitate 
with silver nitrate. If the filtrate is not faintly green, it should ‘be 
treated with an additional 0*2 c.c. of the copper sulphate solution and 
lEgain filtered. To 100 c.c. of the clear filtrate there are then added 5 c.c. 
of a solution consisting of 1 part of a 5 per cent solution of silver nitrate, 
with 5 parts by volume of glacial acetic acid, and the whole is gently 
heated to the boiling point, then cooled, and rendered slightly alkaline 
with ammonia. In the presence of sulphur olive oil a brown or black 
precipitate is obtained. 

E, MilUau ^ recommends saponifying the oil with concentrated 
potash, adding a little sodium bicarbonate and decomposing with 
hydrochloric acid. The gas evolved from oils containing O-OS per cent 
of carbon bisulphide blackens lead acetate paper. However, oils 
which have been heated previously for one hour at 130° C. no longer 
blacken lead acetate paper. In such cases Milliau distils 50 grms. of 
the oil with 10 c.c. of amylalcohol, collects 5 c.c. of the distillate, and 
mixes this with a quarter of its volume of neutralised kapok oil and a 
few cgms. of powdered sulphur in a sealed tube in boiling water, when 
oils containing only Od per cent of carbon bisulphide are stated to give 
a deep red colouration. (The method rests on the principle that the 
reducing substances of kapok oil or cotton seed oil, which give rise to 
the Hal])hen reaction, are not removed by distillation.) i 

In the following lines adulteration with other oils than lower quality 
ohve oils will be considered. Oils that are usually employed for this 
purpose are sesame, rape, cotton seed, soya bean, poppy seed, arachis, 
and even lard oils. OUve oils sold under fancy names are, as a rule, 
adulterated. 

The tables of characteristics contain a very exhaustive list of 
numbers, so that by carefully scrutinising them, methods for the 

^ Journ. Pharm. Chim.f 1905 (xxi.), 64. 

* Compt. rend,, 1911 (163), 1021 ; cp. also M. Cnsson, Ann. des fahif,, 1909 
(2), 409 ; F. Marre, Rev, gin. chim. pure et appl., 1912, 174. 
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examination of a given sample, suspected of being adulterated, can 
be derived. It therefore only necessary to emphasise the most 
salient points. 

The specifle gravity of olive oil ranges from 0*916 to 0*918 at 
15° C., but may rise to 0*920 in the case of commercial oils expressed 
at a higher temperature. Oils of high specific gravity usually exhibit 
a dark colour. The influence of free fatty acids on the specific gravity 
may be gathered from the table given Vol. I. p. 313, which must, 
however, not be taken as representing typical results. If the specific 
gravity of a pale olive oil is above 0*918, it must be looked upon with 
suspicion, i.e. as possibly adulterated with sesame, cotton seed, or poppy 
seed oils. Adulteration with rape or arachis oil is not indicated reliably 
by the specific gravity. 

The melting and solidifying points of the fatty acids (titer 
.test) also furnish useful indications as to the purity of an olive oil. It 
would, however, be hazardous to draw too far-reaching results from 
this test. Hence the tabulated observations recorded in the second 
edition of this work have been omitted here. 

The iodine test constitutes the most valuable means of detecting 
adulteration. Olive oil has nearly the lowest iodine absorption of any 
oil that might be used for adulteration. As a rule, the iodine value 
of an olive oil should lie between 81*6 to 84*5. There occur, however, 
undoubtedly genuine oils, the iodine values of which exceed these 
^ numbers. Thus the oil from the Colombaio olive reaches 86, oil from 
some Portuguese varieties (sevilhana, man^anilha, cordovil) 87 (Klein), 
Californian oils 88, and in the case of a Dalmatian oil as high a figure 
as 92*8 was obtained (this has been even exceeded by an olive oil from 
the Punjab, of the iodine value 93*67 ^). Still, those cases are notable 
exceptions, and an oil with an iodine value exceeding 85 must, as a rule, 
be looked upon with suspicion. With regard to Tunisian and Algerian 
oils, the table given on p. 363 shows that genuine oils, having what 
may be termed the normal iodine value of olive oil, occur side by side 
with oils characterised by exceptionally high iodine values. It would, 
however, not be permissible to generalise as Marcille has done, who 
from a systematic examination of genuine olive oils produced in Tunis, 
concludes that the iodine value from 90 to 92 may be taken as character- 
istic of this class of oil. 

PaparelU ^ studied the causes of the variability of the iodine values, 
and arrived at the following conclusions : — The more mature the olives 
the higher is the iodine absorption of the oil. Old and rancid oil has, 
as a rule, a slightly lower number than fresh oil. The method of pre- 
paring the oil has also its influence. Oil from the pulp absorbs slightly 
less iodine than that obtained by grinding pulp and “ pits ” together ; 
oils extracted by solvents show lower values than expressed oils ; again, 
oils from pits are characterised by higher numbers than oils from the 

^ Thomson and Dunlop, Analyst, 1906, 282. A Mogador oil absorbing 94*3 per cent 
of iodine may actually have been a specimen of “ Argan Oil ” (see p. 322). 

Ann. chiin. anal, appl., 1907, 12, 188. 

^ Jmrn. Soc. Cheni. Ind., 1892, 848. 



360 


GLYCERIDES—NON-DRYING OILS 


CHAP. 


fresh fruit. The greatest variation, however, is due to the variety of 
the olive tree from which the fruit is obtained. 

In the absence of abnormal oils, a high iodine absorption may 
indicate adulteration with as little as 5 per cent of a drying oil (poppy 
seed, hemp seed, soya bean oil) or 15 per cent of sesame , cotton seed, 
and rafe oils. Less positive results are obtained in the presence of 
arachis oil, as the lowest values recorded for that oil almost coincide 
with the highest value observed for olive oil. 

It may be pointed out that the iodine values of the semi-solid and 
of the liquid portions into which olive oil separates on partial solidifica- 
tion almost coincide {Goldberg ^). 

The saponification value only leads to definite results (in the 
absence of mineral oils) if large quantities of rape oil are present. 

In the elaldin test olive oil yields of all oils the hardest elaidin, 
and requires the shortest time for solidification. The elaidin reactioa 
can however only be used as a preliminary test. The effect of an 
addition of rape or cotton seed oil to olive oil is shown in the following 
table compiled from observations published by Archhutt : ^ — 


Kind of Oil. 

Minutes requited lor 
Sohdillcatiou, at 2.V C 

Consiblence, 

Olive oil . . . . 

Olive oil + 10 per cent of rape oil 
„ +‘-^0 

,, -HlO ,, cotton seed oil 

n +20 

230 

320 

From 9 to 11^ liouis 
From 9 to 1 U liours 
More than lU liouis 

Hard, but 
pciK'trable 

j ]3iittery 

\ Very soft 
j butter 


Regarding the proposal to measure the effect of a foreign oil on 
the hardness of the elaidin quantitatively by using Legler’s method 
(Chap. V. p. 362), it should be borne in mind that olive oil, after ex- 
posure to sunlight for a fortnight, no longer yields a solid elaidin {Gintl). 
Farnsteiner,^ has shown that the amount of oleic acid converted dnto 
elaidic acid depends greatly on the conditions under which nitrous 
acid acts on the oil. Indeed, the amount of unchanged liquid 
acid varies so much in different experiments that no quantitative 
method can be based on the conversion of oleic acid into elaidic at 
present. 

In the thermal reactions olive oil gives lower values than any 
other vegetable oil. Lengfeld and Paparelli assert that there exists a 
proportionality between the iodine number and the Maumen6 test of 
olive oil, the oil of the highest iodine value giving the greatest rise of 
temperature. Their results, arranged by the author according to the 
magnitude of the iodine values, do not, however, bear out fully the 
correctness of this rule. 

* Journ. Soc. Chem. Ind., 1897, 447. Ibid., 1886, 308. 

^ Zeits.f. Unlers, d. Nahrg- u. Oenussm., 1899, 8. 
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Olive Oil. 
No. 

lodiue Value. 

Per cent. 

Mauraend Test. 

•c. 

1 

77-28 

36 

2 

78-42 

33 5 

3 

7 8 -.'ll 

33 5 

4 

78-52 

34 

r, 

79-50 

36 

G 

79 53 

34 5 

7 

80 80 

37 

8 

81-45 

38 

9 

81-50 

36 

10 

81-70 

34 

11 

83-35 

37 5 

12 

85-44 

36 5 

13 

87-15 

41 


Tortelli ^ claims for the results obtainable with his thermoleometer 
(see Vol. I. p. 484) such great accuracy as to render the determination 
of the iodine value superfluous. In the author’s opinion this conclusion 
is tantamount to begging the question.^ Moreover, Tortelli overlooks 
adulteration with animal oils. 

The proportionality between iodine number and heat of bromina- 
tion test is shown in the following table (Archhutt) : ^ — 


Olivo Oil. 

lodino Value. 

Heat of Uromination. 

IVr cent. 

°C 

Malaga 

78 4 

14 2 


78 7 

13 56 


78 9 

13 8 

Malaga 

79 3 

13 8 


81 4 

14 2 


81 4 

14 35 

Gallipoli 

82 0 

14 4 

,, 

82 1 

14 5 

,, 

82 5 

14-5 


84 2 

14 45 


An examination of the unsaponifiable matter in an olive oil ^ free 
from fraudulent admixtures with mineral oils ^ is required if admixture 
of lard oil be suspected, the presence of which would be unmistakably 
detected by the phytosteryl acetate test. The alcohol in the unsaponifi- 

^ Bolletino chimico formaceuticoy 1904, 193. 

^ Lewkowitscli, Jahrbuch d. Chem., 1904 (xiv.), 438. 

^ Jouni. Soc. C/iem. Ind,, 1897, 311. 

* It should be noted that in Germany olive oil is “ denatured with rosemary oil, 
which of course increases the amount of unsaponifiable matter. 

® Although adulteration with mineral oil had almost disappeared, no doubt owing to 
its easy detection, cases of adulteration with mineral oil were recorded in 1910 and 
1911. A. Cutolo, Bolletino della Societd di Naturalisti in Napoliy anno XXIJI., vol. 
xxiii., 1910. Curiously enough Cutolo recommends a colour reaction for the detection 
of mineral oil in olive oil. 
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able matter from olive oil melts at 135*5®-136'5® C. (Bower), 136°-136'6'^ 
C. (OiU and Tufa). Its acetate melts at 120'3°-120-7" C. (Oill and Tufa). 

Green olive oils should be tested for copper, which may have been 
added intentionally in the form of a salt, or may have been absorbed 
from the soil or leaves treated with “ Bordeaux mixture.” Copper is 
best detected in the manner described above (Vol. I. Chap. IV.). 

In the following lines I collate the most useful tests for the detection 
of those oils which occur as adulterants ^ in commercial olive oils : — 

1. Arachls Oil. — Iodine absorption ; as a rule, the amount of 
iodine absorbed will be higher than that of normal olive oil. Determina- 
tion of arachidic acid (see “ Arachis Oil,” p. 310). 

TorteMs statement that an arachis oil free from arachidic acid can 
be prepared by demargarinating is not borne out by the author’s 
experiments. Several samples of demargarinated arachis oil examined 
in the author’s laboratory still contained considerable proportions of 
arachidic acid, sufficient to render easy the detection of an admixture of 
such arachis oil to olive oil. 

In order to ascertain definitely whether genuine Tunisian olive oils 
did contain such considerable amounts of arachidic acid — viz. 0*34- 
0-87 per cent — as some commercial “ guaranteed pure ” Tunisian oils 
gave, an examination was made by Archbutt ^ of undoubtedly genuine 
Tunisian and of Algerian oils procured by the author and Bontoux, 
with the result set out in the following table ; — 


^ It may be pointed out that adulterated olive oils, especially olive oils for technical 
purposes, have again appeared in the market in considerable quantities. In Italy it 
has been found necessary for the protection of the olive oil industry to promulgate a law 
(in 1908) aiming at the repression of frauds m the olive trade. 

^ Journ. Soc, (Jhevi. huL, 1907, 463 ; 1185. 


[Table 
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In Benard^s arachidic acid test the following results were obtained : 
— Tunisian Oils, Nos. 1 and 2, gave some crystals at 15° C. J^o. 3 gave 
only a trace, and No. 4 none. After filtering and washing, the first 
crystals from No. 1 left 0-0123 grm. of acids of melting point 55-6° C. 
On recrystallising from 10 c.c. of 90 per cent alcohol, nothing separated 
after standing one hour at 15° C. In a second experiment with oil 
No. 1 only 0-0007 grm. remained after washing the crystals which had 
separated at 15° C. 

10 grms. of oil No. 2 gave 0-001 grm. fatty acid at 15° C. after 
washing. From 10 grms. of the oils Nos. 5, 6, 7, 8, 9 no “ arachidic 
acid ” was obtained. On the first crystallisation of the solid acids, 
from 90 per cent alcohol at 15° C., small quantities of crystals were 
obtained from oils Nos. 5, 8, and 9, and a considerable quantity from 
Nos. 6 and 7. After filtering and washing with 90 per cent alcohol the 
following amounts remained : — 


No. 5 . 

•0014 grm. 

No. 0 . 

•0105 grm. of melting point 60^7° 

No. 7 

•0018 grm. 

No. 8 . 

•0102 grm. of melting point 55-6° 

No. 9 . 

•0025 grm. 


On recrystallising the acids Nos. 6 and 8 from 5 c.c. of 90 per cent 
alcohol nothing separated even after standing for more than an hour 
at 4° C. 

The last twelve samples yielded no trace of arachidic or lignoceric 
acid. In contradistinction to the Tunisian oils, none of the solid fatty 
acids from Algerian oils yielded even traces of a crystalline precipitate 
from a solution of 90 per cent alcohol at 15° C. 

Adulteration even of commercial olive oils with arachis oil is at 
present on the increase. In the case of residuum oils, Archhutt'^ 
obtained positive indications with Bellier's qualitative test, without, 
however, being able to isolate arachidic acid. The presence of this 
flocculent precipitate he ascribes to the large amounts of unsaponifiable 
matter which these oils contain. 

2. Sesam6 Oil. — Specific gravity ; iodine absorption of the oil qjid 
of its liquid fatty acids ; and Baudouin’s test (see “ Sesame Oil,” p. 220). 
In order to avoid errors caused by abnormal oils, such as Tunisian, etc., 
the liquid fatty acids should be examined. The oils enumerated in 
table on p. 363 were examined in the author’s laboratory with Villa- 
vecchia and Fabris's furfural solution (cp. p. 220 ). No. 6 gave no 
colouration whatever, whereas No. 8 gave a very distinct colour test. 
No. 5 of the Algerian oils gave a distinct colour test, whereas No. 11 
gave no colouration.^ The other oils gave very faint colourations only. 

3. Cotton Seed Oil. — Specific gravity ; melting point of fatty 
acids, iodine absorption of the oil, iodine value of the liquid fatty acids. 
Colour reactions as confirmatory tests (p. 203). 

^ Joum. ISoc. Chem. Ind.y 1911, 6. 

2 Cp. R. Marcille, Ann. des falsi/. ^ 1909, 224 ; Zega and Todorovic, Ohm. Zeit., 
1909, 103. 
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It should be borne in mind that some genuine olive oils give the 
Becchi reaction very distinctly (Tortelli and Riiggeri) ; in doubtful 
cases, the liquid fatty acids should therefore be tested. It should 
further be remembered that heated cotton seed oil fails to give the 
Halphen and Becchi tests. 

As an illustration of how far it is possible to detect adulteration by 
examining the liquid fatty acids, I have calculated the following table, 
in which the iodine values of the liquid fatty acids of the mixtures 
named are worked out for the lowest and highest values of olive and 
cotton seed oils respectively. 


Olive Oil. 

Colton seed 
Oil. 

Iodine Value of Liquid Fatty Acids. 

Ter cent. 

Ter cent. 

I. 

II. 

III. 

IV. 

100 

0 

95 

95 

104 

104 

95 

6 

97-6 

97-8 

106-15 

106-35 

90 

10 

100-2 

100-6 

108-3 

108-7 

85 

15 

102-8 

103-4 

110-45 

111-05 

80 

20 

105 4 

106-2 

112-6 

113-4 

0 

100 

147 

151 

147 

151 


It will be seen that by this test alone, small quantities of cotton 
seed oil cannot be detected ; still more difficult is its detection if arachis 
oil be present. 

4. Rape Oil.— Iodine absorption of tlie oil and of tlie liquid fatty 
acids ; melting and solidifying points of the mixed fatty acids ; sapo7ii- 
jication value and iodine value of the " solid ” fatty acids (see p. 257). 
With regard to arachidic acid cp. p. 256. A method for the detection 
of rape oil by fractional precipitation of the fatty acids with lead 
acetate is given by Kreisf who claims to be able to show the presence 
of as little as 5 per cent of rape oil thereby. 

5. Castor Oil. — Specific gravity; acetyl value; (cp. also 10) be- 
haviour with solvents. 

6. Curcas Oil (used in Portugal, according to Hiepe, as an 
adulterant of olive oil).— Iodine absorption. Admixtures of even 
10 per cent are said to be detected by the intense reddish-brown coloura- 
tion the sample assumes a short time after treatment with nitric acid 
and metallic copper (in the elai'din test). 

7. Lard Oil— Melting point of fatty acids ; viscosity ; odour of 
lard on warming. Phytosteryl acetate test. 

8. Drying Oils.— Iodine value. Thermal tests. Bromide test. 

9. Fish Oils.— The detection of fish oil in olive oil is required in 
the case of olive oil intended for preserving sardines, etc. (Since the 
body oil of the sardine becomes intermixed with the olive oil used for 
preserving the fish, fish oils are contained to some extent in olive oil 


1 Chem. Zeit, 1913, 877. 
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drawn from the tins containing preserved fish.^) Fish oils are detected 
by the taste and smell, especially on warming, and notably by the high 
iodine value of the sample. In doubtful cases the isolation of insoluble 
brominated fatty acids must be resorted to. If required the oil must be 
tested for the presence of metals dissolved from the tins.^ 

H. Bull and L Saether ® attempt to determine approximately the 
quantity as also the nature of the oil used in the preservation of sprats. 
The principle of their method is based on the determination of the 
insoluble bromides both in the body oil of the preserved sprats and in 
the outer oil contained in the tins. It must be noted that several 
assumptions are made which most seriously interfere with the correct- 
ness of the conclusions drawn from the results. The body oil is best 
prepared by washing the sprats with a little ether to remove the adher- 
ing outer oil, drying slightly, crushing the sardines in a mortar, and 
expressing in a press. This method is preferable to extraction with 
ether which furnishes an emulsion. 

10. Grape Seed Oil, stated by Tortelli to be used for the adultera- 
tion of olive oil, would be detected by a notable acetyl value of the 
sample ; cp. also “ 5. Castor Oil.” 

11. Maize Oil, also stated by Tortelli to be used for adulterating 
olive oil, can be detected by the high iodine value of the sample and 
of its liquid fatty acids. The pronounced “ grainy ” taste of maize oil 
would preclude its use as an adulterant of the edible qualities and 
restrict its employment to the adulteration of commercial oils. 

12. Hydrocarbons. — Determination of unsaponifiable matter. 
Adulterants falling under this class are : colourless vaseline and mineral 
oils. 

When testing a suspected olive oil, it should be borne in mind that 
the adulterator has kept pace with the progress of analytical methods, 
and that, in order to render detection more difficult, he no longer uses 
one single oil, but prefers a mixture of several oils. Thus olive oil is 
frequently adulterated with 8 to 10 per cent of a mixture consisting 
of equal parts of poppy seed, cotton seed, sesame, and arachis oils 
(Jean ^). In a case of this kind the determination of the iodine v^ue 
of the liquid fatty acids will furnish the first and most important in- 
dication, after the presence of sesame oil has been ascertained by means 
of the Baudouin test^ 

The uses of olive *oil have been incidentally mentioned in the fore- 
going pages. It need, therefore, only be briefly pointed out that the 
better qualities of olive oil are used in enormous quantities as an edible 

^ Thus an olive oil of the iodine value 78*9, employed for preserving sardines, and 
taken from the tins after two months, one year, and two years, absorbed 99 '02, 109*05, 
and 126*2 per cent of iodine respectively.— Klein, Zeits. f. angew. Chem., 1900, 559. 
Similarly, an oil of the iodine value 84*9 used in the preservation of sprats and taken from 
the tins after one year, showed the iodine value 97*2.— Henseval and Deny, Tmv, de la 
Station Mantiniid Ostende^ 1903. 

^ Cp. G. Salonione, Giorn. Farm. Chim,, 56, 241. 

3 C/iem. Zeit., 1910, 732. 

* Annul, de chim. anal., 1898, 218. 
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oil— the edible oil par excelleim. Very large quantities of good edible 
oils are exported, chiefly from Bari, for the preservation of sardines, 
sprats, etc. Lower qualities are used in the arts as burning oils, lubri- 
cating oils (for this purpose de-acidified pulp oils came into the market, 
cp. above, p. 356), wool oils, and soap oils. High class medicinal soaps 
are made chiefly from the best commercial olive oils. Textile soaps of 
the best quality, such as soaps for degumming silk and for washing 
best woollen cloth, are made from bright commercial oils. Soaps for 
these purposes are either “ hard ” or “ soft.” Calico printers require, 
for the best class of goods, soaps m^e exclusively from olive oil. For 
textile soaps (as also for household soaps in the South of Europe) the 
highly acid bagassa oils, “olive oil grease,” and sulphur olive oils 
are used. 

“ Olive oil grease ” which, as stated above, contains considerable 
amounts of lactones, as also of oxidised acids, is thereby enabled to 
retain, after saponification with caustic soda, a larger amount of water 
than pure olive oil, and is therefore used by itself for the manufacture 
of soap containing less than 63 per cent of fatty acids. It is also used 
extensively in Marseilles in the manufacture of mottled soap (Savon 
'tmrhre de Marseilles), and generally in the South of Europe in admixture 
with arachis and sesame oil in larger or smaller quantities, according 
to colour and quality, for the manufacture of household soap. 

The “ sulphur olive oils ” do not contain such large amounts of 
oxidised acids as do the pulp oils, and very small amounts of lactones 
only. The “ sulphur oils ” are easily saponified on account of their high 
proportion of fatty acids, and yield a hard, green (due to the presence 
of chlorophyll) soap, which is used to a considerable extent in the 
textile industry in this country, and is mostly sold as a soap contain- 
ing 60 per cent or at most 62 per cent of fatty acids. As its green 
colour helps to differentiate it easily from other textile soaps, the 
colouration of textile soaps from other “ stock ” with green colouring 
matters has gained some vogue. In Southern Europe the sulphur 
oils are very largely used in the manufacture of household soaps. 

The use of olive oil in the industry of artificial leather is extending.^ 

The introduction of sulphonated oils (Vol. III. Chap. XV.) has greatly 
reduced the consumption of the tournant olive oil (see above, p. 346). 


OLIVE KERNEL OIL 

French — Huile de noyaux d'dive. German — OlivenkernoL 
Italian — Olio di noccioU d’ oliva. 

For table of characteristics see p. 369. 

Olive kernel oil is the oil obtained (by pressure or extraction) from 
the seeds contained in the olive stones. What had been formerly 


1 Cp. J. Walliier, Chm. Zeit., 1910, 23. 
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described as olive kernel oil was a highly rancid olive oil containing 
such quantities of olive kernel oil as would be expressed from the seeds 
on grinding the marc and crushed kernels with water (p. 345 in the 
second and third expressions. 

Olive kernel oil obtained by expression in the cold has a golden 
yellow colour ; the oil expressed in the hot possesses a greenish tint, 
whereas kernel oil extracted with solvents is dark green, no doubt 
owing to the presence of chlorophyll. 

The taste of the expressed oil is sweetish, somewhat resembling 
that of almond oil, without, however, possessing the characteristic 
bland taste of olive oil. 

The kernels constitute about 2-5 per cent of the weight of the entire 
fruit ; they yield from 25 to 28 per cent of oil. 

Olivo kernel oil contains about 10 per cent of solid fatty acids, 
amongst which were identified stearic and palmitic acids, but not 
arachidic acid. The chief constituent of the liquid fatty acids is oleic 
acid ; small quantities of linolic acid also occur in the oil. 

The freshly expressed oil is practically free from fatty acids. If 
the expressed mass is allowed to dry and then extracted with solvents, 
an oil containing a high proportion of free fatty acids is obtained, 
owing to hydrolysis having occurred during the prolonged contact of 
the oil with the organic matter. 

The solubility of the oil in alcohol does not materially differ (in 
contradistinction to former statements) from that of olive oil. 

In other respects also the oil closely resembles olive oil. Olive 
kernel oil naturally occurs in those olive oils which have been obtained 
from olive marc crushed together with the kernels. 

Klein proved by special experiments that the belief prevalent 
amongst olive growers, that crushing of the kernels together with the 
marc causes olive oil to turn rancid easily, is groundless. Mingioli ^ 
arrived at conclusions diametrically opposed to those of Kkiny but 
Marcille '^ has confirmed Klein's conclusions. Marcille proved by 
experiments that the kernels contain an enzyme which acts on their 
non-fatty constituents (starch, sugar, glucosides), whilst exhibiting 
an extremely feeble lipolytic action. Hence the very short time 
during which, in practice, the broken kernels remain in contact with tbe 
olive pulp can have no deteriorating influence on the quality of the 
olive oil. 

The press residue from olive kernels should yield a good feeding 
cake ; indeed, where the kernels are kept separate from the broken 
shells, the cakes obtained on pressing are used for feeding purposes. 
The broken shells are used as fuel. Proposals have been made frequently 
to work up these residues for the production of acids, methylalcohol, 
acetone, etc., by subjecting them (together with the exhausted olive 
marc residues) to a process of dry distillation (cp. p. 347). 


^ Klein, Journ. Soc. Cliem. Ind., 1898, 1055. 

Bolletino della Societd degli Agricolton italiani, 1906, 

® Butldin de la Direction de VAgricidture du Commerce et de la Colonisation^ TuniSf 
1907. Cp. French patents 399,341 and 399,342, Las Industrias del Olivo. 
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Physical Chemical Characteristics of Olive Kernel Oil 


Oil obtained by 

Specific 

Gravity. 

Saponification 

Value. 

Iodine 

Value. 

Kefractivo 

Index, 

Observer. 

At 15* C. 

1 

Mgrms. KOH.! 

Per cent. 

At 25* C. 


Expression of fresh kernels 

0-9184.0*9191 

182-8-183-8 

86-99-87-8 

1-4682-1 4688 

Klein 

Drying and subsequent ex- 
traction of the pressed 
kernel 

0-9193 

181-2 

87-1 

].4673 



CALOPHYLLUM OIL 

French — Huile dc Calophyllum. German — KalophylkmoL 
Italian — Olio di Calophyllum. 

For table of characteristics see p. 370. 

Calophyllum oil is obtained from the nuts of Calophyllum ino- 
phyllu 7 n, L. {=Balsa7naria inophyllum, L.), a tree ^ indigenous to 
tropical Asia and the coast of East Africa. The nuts described by 
Hooper are Indian nuts, and the oil is known in India as “ Laurel Nut 
Oil,” “ Domba Oil,” and “ Alexandrian Laurel Oil.” The oil is also 
known under the names “ Poonseed Oil,” “ Tacamahac Fat ” (Reunion, 
Nossi-be), from C. Tacamahaca, “ Njamplung Oil,” “ Calaba Oil ” 
(Martinique and Guadeloupe), from C. Calaha. Another local name 
for the oil is “ Pinnay Oil.” 

In the examination of a large consignment of nuts of Calophyllum 
inophyllum the author ^ found them to consist of 62-9 per cent of shells 
and mesocarp and 37*1 per cent of kernels. The latter yielded by 
expression in the hot (in a hydraulic press) 35-6 per cent of oil. 

The specimen of oil examined by Fendkr^ was obtained from 
Calophyllwn nuts exported from the island Yap (Jap, Carolines). The 
kernels yielded from 50-5 to 55 per cent of an oil containing about 15 
per cent of a green resin, removable by treatment with a solution of 
sodium carbonate. The characteristics obtained for the oil, containing >5 
per cent'of theresin (havingthe neutralisation value 198), are given in the 
table (p. 370). This crude oil had the acid value 28-45, and yielded 0-25 
per cent of unsaponifiable matter. In the Livache test the oil absorbed 
after 18 hours 0-25 per cent oxygen, and after 136* hours 1-84 per cent. 

The characteristics of the oil, freed from resin, are also given in the 
table (p. 370). 

The oil consists of the glycerides of palmitic, stearic, and oleic acids. 

The natives use the oil for medicinal and illuminating purposes. 
Recently efforts have been made to introduce this oil under the name 
of “ Ndolo-oil ” (Udilo Oil, Dilo Oil) as a specific against rheumatism. 
Owing to the poisonous properties of the oil, and especially of the resin 
contained in the crude oil, it cannot be used as an edible oil. 

^ The wood is frequently sold as Indian Mahogany. 

^ Cp. 4th edition of this work Vol, II., table facing p. 192. 

® Unpublished observations. Apotheker Zeit.^ 1905, No. 1. 

VOL. II 2 B 
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^ Pharm. Journ. Trails., 1889 (10), 525 ; ep. also Joum. Soc. Chem. Ind., 1901, 642. 

In addition thereto the oil gave 18*3 per cent of a saponifiable resin (Grimme, C%cm. Revue, 1910, 265). 
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•COFFEE BERRY OIL 

French — Huile d£ cafe. German — Kaffeehohnenol. 

Italian — Olio di caffe. 

For tables of characteristics see p. 372. 

Coffee berry oil-obtained by extracting coffee berries with solvents 
(Caffea arahka, L.)— has an intense greenish-brown colour and a faint 
odour of raw coffee. On roasting the berries the oil is very little 
changed. Hilger a7id Jmkenackf state that the loss of oil on I’oasting 
the berries amounts to 9 to 10 per cent ; berries glazed with sugar 
lose about 20 per cent. Java berries yielded on extraction with 
petroleum ether 9 per cent of oil (Warnier ^). 

According to H. Meyer and A. Eckert, stearic acid does not occur 
in coffee berry oil ; the mixed fatty acids arc stated to consist of 50 
per cent of linolic, 2 per cent of oleu^, 25-28 per cent of palmitic, 0*5 
per cent of capric, 1-1 J- per cent of daturic acid, and 10 per cent of 
carnaubic acid.^ In the author’s opinion the carnaubic acid found ])y 
♦ H. Meyer and A. Eckert ^ must have been derived from coffee berry wax 
. (see “ Vegetable Waxes ” below), which was extracted together with 
the oil, for that specimen of coffee berry oil yielded no less than 21-2 
per cent of unsaponifiable matter. 

‘ Analyst, 1897, 287. 

Pharm. Weekbhid, 1907 (44), 1080 

^ Monatsh.f Phnn., 1910(81), 1227. 

■* (Jp. Jahrhuchd. (%em., 1910 (xx.), 124, 


[Table 
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Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Solidifying Point, j Melting Point, Neiitialiaatlon Value j Iodine Value. 
*C. j *0 Mgnns. KOH. Per cent 


86-84 


38-40 


172-178 


88 - 82 - 00 '86 
( 81 - 8 ) 


/ ^ Annali del Lab. chim.' ddle Gabelle, 1893, 253. ^ Ch^yyi^ Zeit.y Rep., 1895, 292. 

From Java beans. * Meyer and Eckert. The oil yielded 21-2 per cent of unsaponifiable substances. 
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BEN OIL 

FTmch—Huile de hen, German — Behendl. Italian— OZio di hen. 

For tables of characteristics see p. 374. 

Ben oil occurs in the seeds of the ben nut from Moringa pterygo- 
sperma, syn. oUiJera, and Moringa aptera, Gart.^ The Moringa trees 
are indigenous to India, Arabia, and Syria, and were introduced into 
Jamaica from the East Indies in the year 1784.^ Moringa pterygosperma 
has also been found in Northern Nigeria, and in Dahomey. The root 
lias a horse-radish like taste and is eaten in India by the Europeans 
in place of horse-radish. Hence the tree is known as “ Horse-radish 
tree.” 

The Jamaica seeds consist of 40 per cent of husks and 60 per cent 
of kernels. Genuine ben oil from Jamaica gave, on filtering at 17° C., 
60 per cent of li(|uid material, and 40 per cent of a nearly white solid fat. 
A specimen of the latter obtained by the author ^ from the Imperial 
Institute represents at the ordinary temperature a whitish or yellowish- 
white translucent mass melting at about 25° C. Other specimens 
described in the table of characteristics are liquid at the ordinary 
temperature, and some “ stearine ” separates from them on standing 
at about 0° C. 

Northern Nigerian seeds submitted to the author by the Imperial 
Institute contained 33’27 per cent of oil. The seeds consisted of 8 
per cent of husks (forming a light-coloured skin), and 92 per cent of 
kernels, so that the shelled kernels would yield 36T6 per cent of ben 
oil ; on the average 552 seeds weigh 100 grams. 

These seeds were expressed in two stages on a semi-large scale, 
and yielded a cold pressed oil and a hot pressed oil.^ The examina- 
tion of these two oils in the author’s laboratory gave the following 
numbers : — 


1 

Cold-pre.ssed cnido 
Ben Oil. 

1 IIot-prfis.spd crude 
Ben Oil, 

Specific gravity at 40° C. water at 40°= 1 
A.cid value .... 

Saponification value . 

Unsaponifiablo matter 

Iodine value ... 

Titer test of the fatty acids 

0-9018 

19-71 

179-2 

1 67 percent 
100 3 

32° C. 

0-8984 

m-f) 

178-7 

2-69 per cent 
88 

38-2° C. 


» Bull Imp, Inst,, 1904, 117. 

^ Lewkowitach, Analyst, 1903, 343. 

* With regard to the composition of the cakes see Bull, Imp, Inst, 1908, 361. 
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Refined ben oil has a slightly yellowish colour, is odourless, and 
has a sweet taste. 

Ben oil is stated to consist of the glycerides of oleic, palmitic, and 
stearic acids, and of a solid acid of high melting poifit ; according to 
VdlckeTy^ this acid is identical with behenic acid, melting point 76° C. 
[arachidic acid?]. The phytosterol isolated from ben oil by L. van 4 
Itallie ^ and C. H. Nimwland melted at 131-135° C. 

In the East ben oil serves as a cosmetic ; it used to be employed in 
the “ maceration ” process for extracting perfumes from flowers. 


Physical and Chemical Characteristics of Ben Oil 


Specific Gravity. 

Solidify- 

ing 

Point. 

Saponification 

Value, 

Iodine Value. 

Butyro- 

refractometer. 








Observer. 

At°C. 


"G. 

Mgrins. KOH. 

Per cent. 

1 

°C. 

“De- 

grees.” 


165 

0-91998 8 

8-8 8 

185-6 8 

111-8 8 

40 

60-5 8 

Lcwkowitsch 


0-91840 ‘ 


186-17- 

109-0 8 


690* 



0-91267 8 


187-7 8 

72-2 8 


60 0 8 





184-6 8 

112-6“ 

11 

69-0® ! 



Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Solidifying Point 

' C. Titer Tost. 

Observer. 

37 -2-37 *8 

Lewkowitsch 


On the strength of experiments made in Kingston, Jamaica, in 1817, 
ben oil was considered an exceedingly valuable oil for delicate machinery, 
and was credited with the property of not readily turning rancid. 
From the above-given notes (supported by experiments made in-dhe 
author’s laboratory with refined oil) this assumption must be looked 
upon as erroneous. Ben oil becomes rancid just like any other oil, 
having the same consistence and composition, the state of rancidity 
of a given specimen depending oi^ the manner in which it has been kept. 
The oil if properly refined would yield a good edible oil, and should be a 
valuable lubricating oil for delicate machinery if kept properly. 


^ Liebig’s 1847 (64), 842. 

^ Freed from “ Stearine.” 

® Oil from Moringa pterygosperma. 


Arch. d. rtmrm., 1906 (244), 159. 
Portion solid at 0°. 

® Commercial oil. 
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STROPHANTHUS SEED OIL ^ 

French— de strophanfe. Gamim—StrophantiLsdl 
Italian — Olio di strofanto. 


Physical aiid Chemical Characteristics of Strophanthus Seed Oil 


Specific Gravity. 

Solidifying 

Point. 

Melting 

Point. 

Saponifica- 
tion Value. 

Iodine 

Value. 

Observer. 

At“C. 


°(\ 

°C. 

■ Mgrni». 
KOH. 

Per cent. 

13 

0-9254 



187-9 

7302 

Mjdon ^ 

15 

0-9249 

-6 

+ 2 

194-6 

101-6 

Bjalobrzewski* 


This oil is obtained from the seeds of Strophanthus hispidus, which 
contain 22 per cent of oil.^ The oil has a brownish-green colour, 
appearing yellowish-brown by transmitted light. 

The sample examined by Bjalohrzewski, containing 12 per cent of 
free fatty acids, yielded traces of a volatile oil. Amongst the volatile 
acids formic acid was identified ; from the insoluble fatty acids oleic, 
stearic, and arachidic acids were isolated (by fractional distillation of 
the ethylic esters). 

The melting point of the insoluble fatty acids was 28°-30° C. 


SENECA ROOT OIL 

French— IJuile de Polygala de Virginie. (lerman — Senegawurzelol. 

Italian — Olio di Senega. 

The oil contained in the roots of Polygala Senega f L., to the extent 
of 4-55 per cent, is readily soluble in the usual solvents ; it dissolves 
with difficulty in xylene, and is only partially soluble in petroleum ether. 

The specimen examined by Schroeder contained 12-8 per cent of 
unsaponifiable matter ; this consisted chiefly of resinous substances, 
insoluble in petroleum spirit. The volatile fatty acids are stated to 
contain valeric acid, and also salicylic acid. The acid value of the oil 
was 37-9, and its acetyl value 34-4G. 

The unsaturated fatty acids had the iodine value 82-4. The saturated 
fatty acids melted at 6F C. after repeated recrystallisation ; their mean 

^ Mjoeii, Arch. d. Phanyi., 1894 (234), 283. For a description of tlie several 
Strophantic species found in East Africa cp. K. Braun, Der PJlanzer, 1910, 291. 

- Journ, Soc. Chem. Ind., 1901, 817. 

^ According to “Riedel’s” commercial reports, 1913, 33, extraction with petroleum 
ether yields from 31 '4 to 32 ’3 per cent of oil. 

^ A. Schroeder, Arch. d. Pharm., 1906 (244), 638, and Journ. Soc. Chem. Ind., 
1906, 128. 
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molecular weight was 260. The composition of the Senega root oil is 
given by Schroeder as follows : — unsaponifiable matter, 12-78 per cent ; 
palmitin, 7-9 per cent ; olein, 79-3 per cent. The high Eeichert-Wollny 
value is in conflict with the saponification value. 


Physical and Chemical Characteristics of Senega Boot Oil 


Specific Gravity. 

Saponification 

Value. 

Iodine Value. 

Reichert- Woolny 
Value. 

Insoluble Acids 
+ Unsaponifiable. 

At“C. 

Mgrms. KOH. 

Per. cent. 

c.c. W norm. 
KOH. 

Per cent. 

18 

0-0616 

193-8 

81-8' 

6-43 (?) 

85-8 




78'4 2 




LYCOPODIUM OIL 

Rathje ® obtained, by extracting lycopodium spores with chloroform, 
49-2 per cent of a bright yellowish-green oil, having the following 
characteristics : — 


Oil- 


Specific gravity . 

0-03617 

Saponification value 

)05-0 

Iodine value .... 

81-0 

Reichert-Meissl value . 

7-3 

I’ruo acetyl value 

44-1 

Refractive index 

1-4671 

Unsaponifiable matter . 

0-43 per cent 

Fatty Acids — 

Fatty acids f unsaponifiable matter . 

88-0 per cent 

Melting point .... 

39°-40" C. 

Neutralisation value 

202-0 

Mean molecular weight 

278-0 

Iodine value .... 

91-8 

Iodine value of the liquid fatty acids 

98-7 


The extracted oil had the acid value 18-6. According to Rathje^ 
the oil contains “ lycopodic acid,” 81 per cent ; dihydroxystearic 
(“lycopodium acid”), 3-2 per cent; small quantities of stearic and 
palmitic (about 1 per cent of each), and about 2 per cent of myristic 
acid. [It should be pointed out that the proportions of solid acids 
were determined by Partheil and Feries (faulty) lithium salt method.] 
The nature of the volatile acids, which must be present in notable 
quantities, was not investigated. 

^ Oil contaiTiing the unsaponifiable matter. 

^ Oil free from the unsaponifiable matter. 

^ Arch. d. Pharvi., 1908, 699. 
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STERCULIA OIL — OIL OF JAVA OLIVES ^ 

French — Huile de Sterculia ; huile de Volive de Java. German — 

■ Sterculiabl {Java Olivenbl). Halim— Olio di Sterculia; olio 

d’ oliva di Java, 

For tables of characteristics see p. 379. 

This oil is obtained from the seeds of Sterculia fcetida, L., a tree 
widely distributed in the Dutch Indies, Indo-China, the East Indies, 
and the Malayan Archipelago. It is cultivated in these countries, 
as also in Guayana (Cayenne) on account of its wood (which in its green 
state has an unpleasant smell, and is therefore termed in the trade 
“ bois puant ” (stinking wood). The seeds are known in commerce 
as “ Olives of Java,” “ Kaloempang beans,” “ Beligno seeds,” or 
“ Sterculia kernels.” 

The average weight of a seed is 24 grms. They are covered with 
an outer parchment-like easily removable skin of violet or blackish 
colour. Below the skin is found a dark fleshy mass— pulp — which 
adheres to the husk of the pleasantly tasting kernel. 

Wedenieyer ^ obtained from the skin and pulp by extraction (the 
nature of the solvent is not stated) 9*8 per cent of a yellow buttery fat, 
and from the kernels 46-6 per cent of a liquid, light yellow oil. The 
whole seeds yielded 30*3 per cent of a liquid, light yellow oil. Greshof^ 
found 58 ‘65 per cent of oil in the dry seeds (which originally contained 
7*8 per cent of water). The characteristics placed in the tables against 
Wedemeyer refer to an oil obtained from the whole seeds by expression. 
This expressed oil is of a pale yellowish colour. Wedemeyer^ s specimen 
contained 2-6 per cent of free fatty acids, and 1‘7 per cent of unsaponifi- 
able matter. The acetyl value of the mixed fatty acids (determined 
by Benedikt and Ulzer^s faulty method) was 23-5. 

Bontoux ^ examined separately the oils obtained from the pulp and 
kernels of seeds furnishing 17 per cent of skin and pulp, 30 per cent of 
husks, and 53 per cent of kernels. The skin and pulp yielded by 
extraction with carbon bisulphide 28*6 per cent and the kernels 53-6 
per cent of oil respectively. The fatty matter obtained from the former 
was a light yellow pasty mass, becoming clear on warming above 30° C, 
The expressed fat has a pleasant odour and taste. 

Hooper^ ascertained the following characteristics of a Java almond 
oil from kernels yielding 34 per cent of oil 


^ Since the name “Java Olives” appears misleading, I prefer to name this oil 
“ Sterculia Oil.” 

^ Zeits, f, Unters. d. Nahrgs- u. Genussm., 1906 (xii.), p. 210. 
s Chem. ZeiL, 1906, 856. 

^ Lewkowitsch, Technologic et analyse chimiques des huiles, graisses et cires^ 
traduit par E. Bontoux, vol. ii. p. 902. 

® Annual Report, Indian Museum, 1907-1908, p. 13. 
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0-919 
199-3 
83-0 

ft 

Fatty Acids — 

Insoluble acids-)- unsaponifiable . . 95-6 per cent 

Titer tost ...... 31-6° C. 

The extracted kernel oil is liquid, but slightly viscous ; the expressed 
oil has a somewhat insipid taste and odour, recalling that of earth. Oil 
obtained by expression or by extraction with petroleum ether is yellow, 
whereas oil extracted with carbon bisulphide exhibits a fine cherry-red 
colour. This colouration must be due to the action of traces of sulphur 
in the solvent, for in the Halphen test both the expressed oil and that 
extracted with petroleum ether give a very intense cherry-red colour. 

The oil obtained by extraction or by expression from the whole seed 
is liquid and slightly viscous. It has the same colour, taste, and odour 
as the kernel oil (of which it contains more than 85 per cent), but 
on standing “ stearine ” separates at the ordinary temperature. The 
characteristics of the pulp oil and of the kernel oil are given separately 
in the tables. 

The most characteristic property of the kernel oil, whicli is shared 
by the whole oil but not by the pulp oil (Bontoux)^ is its behaviour (first 
observed by Wedemeyer) on heating to 240^-245° C., when it is suddenly 
converted, with spontaneous generation of heat, into an india-rubber- 
like, solid substance. If a somewhat large quantity (about 1000 grms.) 
of the oil be heated, the spontaneous generation of heat, if not prevented 
by cooling, causes the oil to ignite and become carbonised throughout 
its whole mass. If the oil be heated for a short time to 240"^ C. and the 
temperature be not allowed to rise above 250° C., a tough india-rubber- 
like substance is obtained, which remains elastic on exposure to the air, 
and is insoluble in the usual solvents. No doubt this property is due 
to a process of polymerisation similar to that of castor oil. It cannot, 
however, be caused exclusively, as in the case of castor oil, by hydroxy- 
lated fatty acids, as the acetyl value of the fatty acids from the kernel 
oil, determined by Lewkowitsch's method, was only 18-8 (Bontoux). 
The extraordinary rise of temperature in the Maumene test (see table 
of characteristics) would seem to offer some clue as to the characteristic 
Ibehaviour of the oil on heating ; very likely some unknown fatty acids 
are contained in sterculia oil, an indication of which is also given by 
variation of the saponification and iodine numbers (see tables of char- 
acteristics), and by the exceptionally low neutralisation value of the 
insoluble fatty acids (cp. Vol. III. “ Polymerised Sterculia Oil ”). 

In a Soleil-Ventzke polarimeter (in a 200 mm. tube) very slight rota- 
tion was observed. The viscosity in EngleFs viscosimeter was 6*52 at 
20° C. 

In Java the oil is used by the natives for culinary purposes, and as 
a burning oil. 


Specific gravity at 30-6° C. 
Saponification value 
Iodine value 
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The seeda from Sterculia appendiculata, K. Schum., a tree growing 
to a height of 200 to 300 ft. in Usambara (East Africa), consists of 45 per 
cent of shell and 65 per cent of kernel. The latter yields 28*76 per cent 
of oil ; the whole seed gives 15*82 per cent. The oil is pale yellow and 
on standing some “ stearine ” separates. 

C. Grimm ^ ascertained the following characteristics 


Oil— 

Solidifying point ..... 

-2° C. 

Saponification value .... 

185-0 

Iodine value ..... 

82-4 

Refractive index at 20° ('.... 

1-4720 

Unsaponifiablo matter .... 

6-89 per 

Fatly Acids — 

Insoluble fatty acids -l- unsaponifiablo matter . 

91-12 

Melting point ..... 

34°-;i5° 

Neutralisation value .... 

175-2 2 

Moan molecular weight .... 

320-6 a 

Iodine value 

86-7 

Refractive index at 40° C. . . . 

1-4630 


^ TROr^EOLUM OIL ® 

French — Hulk de cresson d'lmle. German — I'ropaeolumbl. 

KapuzinerkressenoL Italian- -OL’o di tropeolo. 

The oil obtained from the seeds of Tropmlxm majxis, L., is a buttery 
mass, melting at a slightly elevated temperature. On standing, a very 
considerable portion crystallises from the oil ; the crystals consist of 
pure trierucin. 

The iodine value of tropscolum oil is 73*75 ; since this value differs 
but slightly from the theoretical number of trierucin — 72*2 — the oil 
may be considered as consisting chiefly of trierucin. 


* PARADISE NUT OIL ^ 

French — Iluile de noix de paradis, German — Paradieskdrnerdl. ^ 
Italian — Olio di noci del paradiso. 

For table of characteristics see p. 381. 

The kernels of Lecythis Zabucajo, Aubl., L. ollariay L. {QmteU 
Zahucajo), a large tree belonging to the Myrtacece, and indigenous to 
Guiana and Brazil, contain from 50 to 51 per cent of oil. 

The fruit known as “ sapucaia nut ” grows in almost the same 
manner as does the Brazil nut, but the kernel is larger, its skin is slightly 
wrinkled, and its taste somewhat sweeter than that of the “ Para ” 

^ Chem. Rmie, 1910, 180. 

^ These numbers must be accepted with reserve. 

® Gadamer, Arch. d. Pharm., 1899, 273, 472. 

* De Negri, Jcntm. Soc. Chem. Ind.^ 1898, 1156. r 
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(Brazil) nut. The tree is found nearly all over Brazil, and the kernels 
are greatly estimated as an article of food. Hence such small con- 
signments arrive in the markets of Manaos or Belem are usually sold 
privately and very little is exported. The sapucaia nuts arriving 
occasionally in this country are also sold under tlie name of “ Brazil 
nuts.” 

The characteristics given in the table were determined by De Negri, 
with an oil obtained from Sapucaia nuts by extraction with petroleum 
ether. The oil was slightly yellow, odourless, and had an insipid taste ; 
its acid value was 3*19. It was insoluble in cold glacial acetic acid, 
but dissolved in an equal volume of the hot acid. De Negri found the 
acetyl value of 44*08, this number must, however, be accepted with 
reserve. 


Physical and Chemical Characteristics of Paradise Nut Oil 






! Ilefractive Index. 

1 

Specific 

Solidify- 

Saponification 

Iodine 


j 

Gravity. 

ing Point. 

Value. 

Value. 

1 Butyro-refracto- 
j meter. 

Observer. 

At 15° C. 



°C. 

Mgrmg. KOII. 

Per cent. 

At 15° C. 

i 

j 

0 895 (?) 


173 6 

71 64 

; 61*3-01*5 

Do Negri 


■ Physical and Chemical Characteristics of the Disoluble Fatty Acids 


Solidifying Point. 

Melting I’oint. | Iodine Value. 



j . .. 

1 Observer, 

°C. 

“C. j Per cent. 


28*5 

37 0 72 3 j 

i 

Do Nogri 


SECALE OIL 

French — Huile de seigle ergots. German — Mutterkornol. 

Italian — Olio di segala cornuta. 

Secale oil is obtained from Secale cornutum, which yields by ex- 
traction 30 per cent of a brownish-yellow oil having the following 
characteristics : — 


[Table 
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Mjoen.i 

Fabris and Settlmj.ii 

3lathje.8 

Oi/- 

Speclflc gravity . 

0-9254 at 13” C. 

0-927 at 15“ C. 

*0-9250 at 15° 0. 

Solidifying point 

-10” C. 

178-4-180-2 

Saponification value . 

Iodine value 

178-4 

191 4 

7M 

74 6 

73-4-74*5 

Reiohert-MeiBsl value 

0-20 


0 61-0-67 

True acetyl value 



27-44 

Butym-refraotometer " degrees ” 
at 25" C. . 


65 


Refractive index 



l’4685 

Maumern^ test 


51°’ C. 


Unsaponifiable . 

1 . ! 


0 36 per cent 

Fatty Acids — 

Insoluble acids f unsaponifiable 

96-3 

98 5 per cent (’) 

95-8-96 0 

Solidifying point 


3U°-3r C. 

38"-39’° C. 

Melting point . . . . i 

.39 5 -42” (\ 

37°-38° C. 

Neutralisation value . 



183 

Iodine value ... 


75-8 

77-2 

Iodine value of the liquid fatty 
acids 


104 

82-2 


The insoluble fatty acids consist, according to Fahris and Settimj, 
of 64 per cent of liquid and 46 per cent of solid acids. This agrees milch 
better with the melting point of the mixed fatty acids than does RathjFs 
statement that the oil contains 5 per cent of palmitic, 68 per cent of 
oleic, and 22 per cent of “ hydroxyoleic ” acids. 


OANARl OIL^ 

French— de Canari. German— Oanunob 
Italian — Olio di Canari. 

For table of characteristics see p. 384. 

“ Java almond oil ” is obtained from the seeds of Canariuni commune^ 
L. {Bursera faniculata^ - Colo'plionia niauritiana, D. C.), a tree 
indigenous to the Moluccas and Malabar ; it is cultivated in tropical 
Asia, where the seeds serve as a foodstuff in place of sweet almonds 
(which they resemble in shape and taste). One thousand air-dried 
seeds weigh 5934-3 grms., yielding 809-8 grms. (13-64 per cent) kernels. 
One thousand kernels weigh 520 grms. 

The seeds yield on extraction with solvents 65-7-68-6 per cent of oil ; 
the extracted meal contains 34-7 per cent of proteids. On pressing 
the seeds, 56-1 per cent of oil was obtained.^ The oil extracted from 
the kernels has a pale-yellow colour and a pleasant, mild taste. At 
15° C. “ stearine ” commences to separate. The unsaponifiable matter 
in the oil amounts to 0-44 per cent. The acid value of the specimen 
examined by Wedemeyer was 22-8, its acetyl value is stated as 8-4 ; that 
of samples examined by Pastrovich was 1 -3 for extracted oil, and 0-84 for 

1 Arch. d. Plmrm., 1894 (234), 278. 

2 Yj (Jongresso Internaz. di chimica applicata, Roma, 1907, vol. v. 761. 

^ Arch. d. Pharm., 1908, 697. 

^ Wedemeyer, Seifensieder 2eit., 1907, 26. 

® Pastrovich, Chem. Zeit., 1907, 782. 
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expressed oil. The acetyl value determined on the mixed fatty acids 
was 16*39 for the extracted, and 15*68 for the expressed oil. These 
acetyl values must, however, be accepted with reserve. 

On separating the insoluble fatty acids by means of the lead-salt- 
ether method, Pastrovich obtained 44*6 per cent of solid fatty acids 
melting at 54*45° C., and having the mean molecular weight 266. On 
precipitating fractionally the magnesium salts of the solid acids, stearic 
and palmitic acids were identified. On oxidising the liquid fatty acids 
(55*4 per cent), considerable quantities of dihydroxystearic acid and 
small quantities of sativic acid were obtained. No hexabroniides were 
found, hence linolenic acid appears to be absent. The fatty acids of this 
oil consist, therefore, approximately, of 44*6 per cent of palmitic and 
stearic acids, ^ 43 per cent of oleic acid, and 12*5 per cent of linolic acid. 

The seeds from Cananum oleosum (Lam.) Engl. {^Camrium micro- 
carpum, Willd.), a Burseracea, are flat-shaped, 2-3 cm. long, 1-1*5 cm. 
broad, and consist of 15*1^ percent of husk and 84*86 of kernels. The 
latter yield 68-63 per cent of a pale-yellow oil, furnishing the following 
characteristics : ^ — 


Oil- 

Solidifying point . . 12-5° T. 

(Saponification value 107-0 

Iodine valiKi . . 00 0 

Refractive index at 20" l-4()04 

Unsaponifiable matter . 0 07 pi'r c('nt 

Valty Acids — 

Insoluble fatty acids 4 imsajionifiable matliT . 04-70 ])er cent 

Melting point .... 44-40° 

Neutralisation value . 10.7-2 

M(‘an molecular ^veight 287-7 

Iodine value . . .03-7 

The husks contain 34*53 per cent of oil having the following char- 
acteristics : — 

Solidifying point . . . . . 16 5" C. 

Saponification value . 183-6 

Iodine value . ... 78-2 

Refractive index at 20° (’. . 1-4684 

Unsaponifiable matter . . 4-88 jier cent 

Fatty acids . . . . 80-03 per cent 


The seeds from Canariuni polyphylhm, a tree widely distributed in 
New Guinea, yielded on extraction with ether 68-23 per cent of an oil 
having the following characteristics : ^ — 


Solidifying point ..... 19°-20° C. 

Melting point . . • • ■ 30° ( '. 

Saponification value .... 200-2 

Iodine value . • • • • 59-74 

Reichort-Meissl value . . • • 4-41 ^ 

Refractive index at 21° . . . . 1-4760 


^ Oudemans, Journ. f. prakt. Chem., 1860 (81), 356 ; 1866 (99), 409, states that 
niyristic acid occurs m this oil. 

^ C. Grimme, Chein. Reviie, 1910, 178. 

^ M, Krause, Der Tropenpjlanzer, 1913 (7), 147. 

* This value is much too high to agree with the saponification value 200-2. 
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Castor Oil Group 

In this group I comprise grape seed oil and castor oil. These two 
oils (pending further confirmation as regards grape seed od) are re- 
markable for their high proportion of hydroxylated fatty acids, as 
indicated by their high acetyl values. Owing to this composition castor 
oil is miscible with alcohol. This prdp^rty is not shared by grape seed 
oil ; for this reason it is open to doubt whether grape seed oil is related 
to castor oil, a doubt which is further supported by the circumstance 
that the grape seed oils described by the several observers differ greatly 
(see below) in their characteristics. 


GRAPE SEED OIL 

French — Huile de pepins de raisin. Gevmm—Tranhenkerndl. 

Italian — Olio di vinacciuoli. 

For tables of characteristics see p. 388. 

Grape seed oil is obtained from grape seeds (from Viti^ vini/era, L.) 
by expression or by extraction. The freshly expressed grape yields 25 
per cent of seeds containing 6 to 20 per cent of oil, which is prepared by 
grinding the dried seeds (by exposure to the air) to a coarse meal, inter- 
mixing with about 25 per cent of water, and expressing first in the cold 
and then in the hot. The quantity of oil in the seeds depends on the 
kind of grapes and the climate in which they are grown. According 
to some writers the seeds from white grapes are richer in oil than those 
from black, and sweet grapes yield more oil than those containing little 
sugar. Other writers state that the black grapes grown in warm 
countries are richer in oil (containing 10 to 20 per cent), and that such 
oil is of superior quality. Whereas the average of grape seed oil re- 
covered in some French mills was 8 to 10 per cent, in Wurtemberg 
10 to 11 per cent of crude oil are generally obtained. The seeds 
contain the largest amount of oil at the time of vintage ; on storing 
the seeds the quantity of oil decreases considerably. 

The oil obtained by cold expression has a golden-yellow colour, and 
is free from odour. Oil from stored seeds is darker and has a slightly 
bitter flavour. Oil of the second expression is brown and has a bitter 
taste. Grape seed oil extracted by means of solvents is dark ; but is 
said to become perfectly colourless by filtering over animal char. 
The numbers recorded in the table refer to extracted oil. The oil dis- 
solves easily in glacial acetic acid at 70° C. ; the solution becomes turbid 
at 66-6° C. In 96 per cent alcohol it dissolves only partially. 

The specimens of oil examined by various observers differ consider- 
abljr. The iodine values of the two oils examined on the one hand by 
Horn, and on the other by De Negri and Fabris, agree tolerably well,! 
and would point to similar oils. Grape seed oil does not dry on ex- 
posure to air, or only after a long time {De Negri and Fabris), Very 
VOL II 2o 
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dijfferent from these oils are the grape seed oils examined by Ulzer and 
Zumpfe and by Fdbris and Settimj'^ (see below). 

According to Horn, the most prominent characteristic of grape seed 
oil is, its high acetyl value, placing it, in this respect, in close relationship 
to castor oil. Since this number was obtained by Benedikt and Ulzer’s 
method, it stands in need of confirmation. The high specific gravity 
stated by Horn, in conjunction with the low saponification value, 
would[seem to confirm the high proportion of hydroxy acids. Yet, the 
specific gravity ascertained by Be Negri and Fahris, and the immisci- 
bility with alcohol, negatives a high proportion of hydroxy acids. The 
low saponification number found by Be Negri and Fahris (practically 
identical with that stated by Horn) speaks, however, in favour of Fitz’s 
statement,^ that grape seed oil contains considerable quantities of erucic 
acid. This was isolated from the ether-soluble lead salts as a solid acid 
of the melting point 33° C., yielding, on fusion with caustic potash, a 
considerable amount of arachidic acid. The sample examined by 
Horn had the acid value 16-2. 

The very high iodine value recorded by Ulzer and Zumpfe ^ would 
place the oil amongst the drying oils. An examination by the lead- 
salt-ether method, and the subsequent examination of the liquid fatty 
acids by Hazura's method, showed that that specimen of oil contained 
7 to 8 per cent of solid fatty acids (calculated on the total fatty acids ),^ 
most likely of stearic and palmitic acids (mean molecular weight 271, 
melting point 56° C., iodine value 04). Arachidic and lignoceric acids 
could not be detected. Nor could erucic acid be obtained ; hence its 
presence is extremely doubtful. On oxidising the liquid fatty acids 
with potassium permanganate in alkaline solution in the cold, Ulzer and 
Zumpfe obtained : dihydroxystearic acid, considerable quantities of 
sativic acid, probably also linusic acid, and presumably a tri-hydroxy- 
stearic acid. Final proof, however, has not been adduced to show that 
the supposed tri-hydroxystearic acid, of the melting point 139° C. and 
molecular weight 333-9, did not consist of a mixture of other acids. 
The acetyl value of 43-7 found by Ulzer and Zumpfe cannot be accepted 
as confirming the presence of hydroxylated fatty acids in this grape seed 
oil, the acetyl value having been determined by a faulty method. It 
should, however, be pointed out that the specimen examined by them 
was readily soluble in petroleum ether. The same stricture would 
apply to the acetyl value given by Fahris and Settimj. 

The conflicting statements as to its composition rendered the re- 
examination of grape seed oil desirable. 

Such an examination has been carried out by Fachini and Borta ; 
their results are reproduced in the following table : — 

^ Atii del VI. Co-ngressn, etc., Roma, 1907, vol. v. 762. ^ Berkhte, 1871, 442. 

^ dsterr, chem. Zeit,, 1905, 121. 

* Fabris and Settimj obtained 16 per cent of solid fatty acids. 


[Table 
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The iodine value of the liquid fatty acids was 157-7. 
Unfortunately the foregoing examination does not settle the diffi- 
culties, inasmuch as G. Parish found in a more recent examination of 
Italian grape seed oil the iodine value 96, and the acetyl value 143‘1. 
Paris identified amongst the fatty acids erucic, liiiolic, oleic, stearic, 
and palmitic acids. He also isolated 0*57 per cent of a phytosterol, 
melting at 132°-130° C., having -32-8'^ and yielding an acetate 
melting at 120°-12r C. 

The oil of first expression is used locally — in France, in Wurtemberg, 
and in Italy — as an edible oil. The hot-pressed oil (after refining with 
concentrated sulphuric acid) is used as a burning oil, and would find 
an outlet for soapmaking if it were produced in sufficiently large 
[Quantities. ^ It has also been stated that grape seed oil is used in Italy 
for adulterating rape seed oil, and even olive oil. 

On the strength of the exceedingly high acetyl value which Horn ® 
found, he proposed the employment of this oil as a substitute for castor 
oil in the manufacture of Turkey-red oil, but the oil has been found 
unsuitable as a Turkey-red od substitute. 

The press cakes obtained in the preparation of the oil are used for 
feeding sheep and cattle, but C. S. Fuchs ^ has shown that the cake 
only contains 11 '5 per cent of proteins of which only about half was 
digested after seventy-two hours treatment with Pepsin liydrochlorate. 
At the beginning of last century the cakes are stated to have been used 
by the poorer classes in Italy for the preparation of a tea-like beverage. 


CASTOR OIL 

French — Huile de riciu. German — Ricinusol. 

Italian — Olio di ricino. 

For tables of characteristics see pp. 400-402. 

Castor oil is obtained from the seeds of Ricinus communis, L. 

The origin of the name castor oil is due to the Spaniards and Portu 
guese in Jamaica having confounded the Ricinus plant with a totally 
different one, viz. Vitex agnas caslus (Agno-Casto), abbreviated to 

agnocasto.” The English traders corrupted this name into “ castor ” 
in the eighteenth century (cp. De Candolle’s Origin of Cultivated Plants), 

The plant ® seems to have been indigenous to Africa, but was trans- 
planted to India at a very early stage of history. In fact, some writers 
consider it to be indigenous to India itself. The plant is found in enor- 
mous quantities in all tropical and subtropical countries, and even grow- 
ing wild to-day in South America, notably in Paraguay and Argentina. 

^ Staz. sperim. agrar. Ital., 1911 (44), 669. 

® Cp. also F. Marre, Rev. chim. pure et appL, 1911, 14, 186. 

^ Mitt, de^ k. k. technolog. (I ewerhe- Museums, 1891, 186. 

4 Chem. ZeiL, 1911, 30. 

® For^the cultivation, production, preparation, and utilisation of the caator seed Cp. 
Bull Imp. Inst., 1911, 17. 
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There ie, therefore, an abundance of castor seeds to be obtained whenever 
the demand of the market increases. 

In India a number of varieties are cultivated. In Bengal alone three 
distinct varieties of the plant are known. The first variety, growing 
to a height of about twelve feet, yields small, bright, black seeds, dotted 
all over with grey. The second variety, requiring more care in cultiva- 
tion, grows to a height of about six feet, and yields somewhat larger 
wheat-coloured seeds. The third variety, grown along with Indian 
corn, furnishes the largest slightly flattened seeds of a red colour and 
mottled. The best quality of East Indian castor seed is known in 
Bombay as “ painty seed.” 

In french Indo-China the following three species are mainly dis- ^ 
criminated among a large variety of the Ricinus : — (1) the common 
Ricinus plant, Ricinus communis^ known to the Annamites as Cay 
du dii tia ; (2) the green ricinus (ricin vert), Ricinus viridis, having the 
same local name ; (3) the red ricinus (ricin rouge), Ricinus sanguineus 
(indigenous name, Cdy dii dii do). 

The “ St. Eustatius ” castor seeds appear to be obtained from 
R. Zanziharinus or R. Zanzibariensis} 

The most important sources of castor seed are East India, Java,^ 
the Mediterranean countries, Mexico, and the United States of America. 
At present castor seeds are also collected commercially in Southern 
Nigeria and in Erythrea, and endeavours are made to create a castor 
seed cultivation in Formosa. By far the largest producer is East India. 
The exports of castor beans from India have grown considerably during 
the last fourteen years, whilst the Indian production of oil has decreased, 
owing to the expansion which the manufacture of castor oil has ex- 
perienced in France, the United Kingdom, and the United States. 
This is illustrated by the following tables : — 


Exports of Castor Seeds and Oils from East India, 1890-1904 


Year ending 
March 31, 

Castor Seeds. 

Castor Oil. 


Bushels of 50 lbs. 

Gallons. 

1890 

2,003,973 

3,198,78« 

1891 

1,925,889 

3,789,628 

1892 

1,872,472 

3,929,758 

1893 

2,216,556 

3,095,564 

1894 

2,481,369 

2,754,261 

4895 

2,631,765 

3,215,887 . 

1896 

2,348,201 

2,420,358 

1897 

2,235,778 

2,.397,653 

1898 

2,372,516 

2,344,797 

1899 

2,710,709 

2,569,725 

1900 

1,978,731 

1,833,842 

1901 

1,962,121 

1,843,207 

1902 

2,965,527 

2,424,270 

1903 

3,509,781 

2,488,910 

1904 

3,509,717 

2,300,015 


^ Blomendal, Pharm. Weekfdad, 1905, 42, 701, 
^ Jovm. aSoc. Chem. Ind., 1895, 321, 
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Exports of Castor Seeds from India, 1904-1912 



1904-5. 

1905-6. 

1906-7 

i;k»7-8 

1908-9. 

1909-10. 

1910-11. 

1911-12. 


Cwts. 

Cwts. 

C^\ ts. 

Cwts, 

Cwts. 

Cw'ts. 

Cwts. 

Cwts. 

United Kingdom 

452,853 

479,348 

649,874 

1,121,03') 

806,789 

1,020,788 

1,120,2,51 

1,109,265 

FVance 

260,845 

286,848 

277,002 

267.883 

383,059 

250,478 

272,242 

882,418 

Belgium . 

275,179 

185,568 

198,785 

28!*,738 

207,003 

25S,1(.0 

292,088 

288,805 

Italy . 

252,010 

197,249 

160,268 

287. 02S 

176,223 

229,894 

250,991 

201,470 

Germany . 

198,402 

180,757 

203,091 

70,4"9 

109,608 

82,310 

1.50,202 

73,088 


Exports of Castor Oil from India, 1904-1912 



1904-5. 

1905-6. 

1000-7. 

1907-8. 

1908-9, 1909-10. 

1910-11. 

1911-12. 


Gallons. 

Gallons. 

Gallons. 

Gallons. 

Gallons. Gallons, 

Gallons. 

Gallons. 

United Kingdom 

256,975 

191,084 

129,102 

238,583 

131.308 

122,981 

144,0.50 

149,094 

Ceylon 

72,041 

01,991 

05,818 

81,238 

68,980 

7<s617 

00,484 

70,028 

Straits Settleimuits . 

242,072 

201,109 

185,019 

1^0,080 

176,824 181,772 

140,752 

107,618 

Hong-Kong 

102,521 

<>8,802 

83,787 

18,208 

13,533 

467 

2,800 

1,867 

Cape Colony 

! 110,814 

02,070 

172,802 

1 81,495 

9,009 

11,877 

27,732 

35,525 

Natal 

i 212,269 

255,528 

281,358 

i 215,137 

73,090 

74,099 

93,663 

98,384 

Mauritius and De- 
pemloncies . 

92,582 

105,807 

90,002 

92,41.5 

82,414 

83,730 

93,489 

109,288 

New Zealand . - . 

89,841 

111,748 

132,380 

129,040 

100,718 ! 134,253 

138,512 

180,818 

Au.stialian Common- 
wealth 

428,520 

293,077 

3i!8,723 

439,445 

352,841 311,093 

445,848 

571,788 

Foreign countries i 

14,842 

45,887 

21,o.’i 

' 23,114 

23,275 

51,929 

45,714 

68,006 


»The money values of the Indian exports and the countries to wliich 
the exports liave taken place is given in the following table 


^ Princiicilly Siam, PortugueM- East Africa, Japan, and Dutch Cniiana. 
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The chief North American States in which castor seed is harvested 
are Oklahoina, (Eastern) Kansas, and (Western) Missouri. The bulk 
of the bastor oil made in the United States is, however, derived from 
imported beans. The quantity of beans imported into the United 
States from India alone is shown in the following table, together with 
the amount of castor oil imported from East India : — 


Imports of Castor Beans and Oil into the United Slates from East Indta 


Year ending 
June 80, 

Castor Beans. 

Castor Oil. 

1890 

Bushels of 60 lbs. 

94,226 

Gallons. 

6,901 

1891 

105,374 

2,073 

1892 

163,089 

382 

1893 

147,061 

286 

1894 

47,448 

277,231 

1,702 

1895 

28,846 

1896 

145,735 

22,888 

1897 

84,128 

4,368 

1898 

19,651 

3,626 

1899 

25,003 

7,615 

1900 

135,591 

3,334 

1901 

191,288 

3,206 

1902 

312,323 

3,706 

1903 

380,270 

6,643 

1904 

498,039 

11,283 

1910 

63,707 

1911 

242,935 


1912 

777,074 



Considerable quantities of castor seeds are also exported from 
ilexico ^ and Brazil. The exports frpm the latter country are given 
n the following table : — 


Year. 

Tons. 

Year. 

Tons. 

1905 

2646 

1909 

3899 

1906 

3126 

1910 

4200 

1907 

1221 

1911 

2110 

1908 

150 1 

1912 

753 


The considerable falling off in the export is due to the fact that the 
!onsumption of castor oil in Brazil has grown, and that a number of 
raster oil mills have been founded, especially in the State of Pernambuco. 

The seeds consist of 20 per cent of husks, rich in mineral matter but 
;ontaining no oil, and 80 per cent of kernels, forming a white, softish 
nass. The seeds contain a toxic alkaloid “ ricine.” ^ They also contain 
t powerful fat-hydrolysing enzyme (see Vol. I. Chap. II.), which is used 
»n a manufacturing scale for hydrolysing oils and fats for soap-majing 
jurposes (see Vol. III. Chap. XV.). The seeds contain 46 to 53 per cent 
>f oil. 

1 Two varieties of seed are exported, one a small dark brown, mottled, and the 
3cond large, white seeds mottled with dark brown, 

* Cp. Osborne, Mendel, ahd Harris, Zeitschr.f, analyt. Chem., 1907 (46), 213. 
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Castor oil is produced on a large scale by expression or by extraction. 
For the best quality of oil— for medicinal purposes— the seeds are first 
decorticated (shelled) by being passed between rollers set at &uch a 
distance that the outer shell only is broken. The kernels are then 
separated from the light husks by a blast of air in a specially constructed 
separator. Medicinal oil can only be prepared by expression in the cold, 
as the “ ricine ” does not pass into the oil under these conditions. It is 
frequently stated in the literature on castor oil that this oil is used in 
China as a salad oil. . ^ 

The once expressed cake is subjected to a second expression, followed 
by a third expression. The oils so obtained are unfit for medicinal use, 
and are employed for manufacturing purposes. The cakes (“ casto 
pomace” castor poonac” in India) retain the poisonous alkaloid, and, are 
therefore unfit for use as cattle food.^ Although attempts have been 
made to free the cakes from ricine by washing with 6 to 7 times their 
amount of a 10 per cent sodium chloride solution (0. Nagel^), no 
castor cake is actually being used for feeding purposes.^ The expressed • 
cakes (like the extracted meal, see below) are exclusively employed 
for manuring the land. The richness of castor cake in fertilising con- 
stituents has chiefly contributed to the growth of the castor oil industry 
in Marseilles, as the residual cakes are readily bought by the growers of 
early vegetables (“ primeurs ”). 

In India “ poonac ” is used principally for manure, but is also 
employed as fuel and for caulking timber, for the destruction of white 
ants and other pests, and for stuffing the soles of natives’ shoes. 

Next to India, Marseilles has become one of the chief centres for the 
production of castor oil. The importance of the castor oil and cake 
industry in Marseilles may be gathered from the following table 


Imports of Castor Seeds into Marseilles 


Year. 

Double 
(metric) cwts. 

1896 . 

283,960 

1897 . 

149,270 

1898 . 

258,880 

1899 . 

259,830 

1900 , 

159,420 

1901 . 

259,310 

1902 . 

262,140 

1903 . 

215,570 

1904 . 

144,070 


Year. 

Double 
(metric) cwts. 

1905 . 

138,050 

1906 . 

135,640 

1907 . 

. ^163,700 

1908 . 

191,110 

1909 . 

115,530 

1910 . 

134,870 

1911 . 

142,120 

1912 . 

157,860 


Since the finally pressed cake still contains about 8 per cent of oil, 
it i| usually ground to meal, and extracted with carbon bisulphide 
in order to recover this amount. 


^ Cp. W. Mooser, Landw. Vermchsst., 1911 (76), 107. , , 

2 Joum. Soc. Chem. Ind., 1902, 30. 

3 With regard to the poisonous properties of castor seed, cp. Robert, Pharm, 
1906, l062. Cp. also F, Schmidt, Zeitschr.f. Hffent. Ohm., 1908, 245^ ' „ 
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The imports of castor oil into" the linked Kingdom are detailed iii 
the following table 


Country of Origin. 

1905. 

1900. 

1907. 

1908. 

1009 

1010. 


1912. 


Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Belgium .... 

21,881 

18,007 

17,802 

9,632 

9,847 

9,153 

11,679 

7,280 

France .... 

17,237 

14,982 

14,622 

6,34.5 

6,756 

6,450 

6,639 

1 6,240 

Italy .... 

4,209 

4,267 

8,770 

3,465 

2,388 

2,620 

3,024 

! 2,740 

Other foreign countrlen . 
British India . 

720 

245 

488 

713 

1,218 

1,810 

2,875 

1 2,020 

17,146 

11,863 

13,709 j 

11,690 

12,494 

6,S(j3 

13,744 

8,720 


‘ The imports of castor oil into Germany during 1911 and 1912 are 
given in the following table : — 


From 

1911. 

1012. 

Belgium 

2953 

3238 

France 

384 

294 

United Kingdom . 

5557 

0321 

Italy 


I 451 

1 


On a large scale, about 40 per cent of oil is obtained by expression, 
33 per cent being yielded by the first expression, and the remainder by 
the subsequent expressions. Whereas formerly most of the castor oil 
was obtained by expression— in fact, the whole of the castor oil exported 
from India is expressed oil — the process of extraction lias gained ground, 
notably in Hull (England), and in Boston (United States). The ex- 
pansion of the extraction process is, to a large extent, due to the deteriora- 
tion of the Indian seed, which has occurred during the last ten years 
(owing to the variation of the crops, and also to insufficient attention on 
the part of the cultivators^). Hence inferior qualities are no longer 
used for the preparation of medicinal oil by expression in the cold, but 
are at once extracted with solvents. The extracted oil can, of course, 
only be used for manufacturing purposes. 

The process of refining castor oil consists chiefly in the removal of 
albumen by steaming the oil. The albumen, and that part of the 
enzyme which has passed into the oil, are thereby coagulated, and 
removed by filtering. Properly refined castor oil keeps very well,^ and 
does not easily turn Aincid,^8 observations made in the author’s 
laboratqjpy have^ehown. ^ sample exposed to the atmosphere for four 
years contained only 1 per (jent M free fatty acids. 

Most commercial castor qil contains, therefore, only very small 
proportions of free fatty acids, as is evidenced by the numbers collated 
the following table ’ 

i: ., ■ — 

^ 

Java seed, which is properly attended to by the growers, yields therefore at present 
better oil. 

' ** Additional proof for this may be found in the statement made by Berthelot that the 

oil employed by the Egyptians for embalming was castor oil. 
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Free Fatty Aeide in Castor OH 


J 

Description of Oil. 

No. of Samples. 

Free Fatty Acids, cal- 
culated to Oleic Acid. 

Observer. 

Expressed oil . ‘ , 

9 

Per cent. 
0-68-14-61 

Ndrdlinger 

Extracted oil . 

5 

M8-5-25 

,, 

Commercial oil 

2 

1-46-2-16 

Thomson and 
Ballantyne 

Indian oil 

23 

0*14-1-06 

Deering and 
Redwood 


t 


^ Castor oil is a colourless or pale greenish oil ; its taste is at first mild, 
then harsh ; this harsh taste is more pronounced in American than in 
Italian or French oils. Contrary to older statements, it does not dry 
even when exposed in thin layers. A sample of medicinal oil, which the 
author kept exposed for four years, had its specific gravity increased 
from 0*9591 to 0-9629 (the iodine value had not, however, decreased). 

The changes which castor oil undergoes on blowing with air are 
detailed in the following tables 


Blown Castor Oil (LewJcowitsch) 



Original 

Oil. 

Blown 

2 Hours 
at 150“ C. 

Blown 

4 Hours 
at 150’ C. 

Blown 

6 Hours 
at 160“ G. 

Blown 

10 Hours 
at 160’ 0. 

Colour 

very 

light 

light 

light 

light 

orange 

yellow 

Specific gravity at 60* F. . 

0-9623 

0-9663 

0*9798 

0-9778 

0-9906 

Acid value. 

1-1 

1-3 

2-4 

2-6 

5-7 

Saponification value . 
loQine value 

179-0 

182-3 

185-2 

184-8 

190-6 


83-5 

79-63 

78-13 

70-01 

Acetyl value 

146*9 

150-7 

154-3 

159-0 

164-8 

Saponification value of acetyl- 1 
ated oil 7 

303- 9 

304- 3 

306 5 
306*0 1 

808*3 
308-7 ! 

5^8-3 

311-0 


[Tabl» 
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'Blovm Castor Oil Fatty Acids (Lewkomtsch) 



Original 

Fatty 

Acids. 

Blown 

2 Hours 
at 150“ C. 

Blown 

4 Hours 
at 160“ 0. 

Blown 

6 Hours 
at 160“ C. 

Blown 

10 Hours 
at 150“ C. 

Colour 

clear 

yellow 

0-9507 

dark 

very dark 

black 

Specific gravity at 60® F. . 

0-9543 

0-9529 

0-9525 

0-9561 

Acid value .... 

174-7 

149-3 

128-5 

112-2 

93-73 

Neutralisation value 

176-5 

173-7 

177-5 

177-3 

181-1 

Iodine value .... 


86-51 

86-77 

85-14 

85-23 

Acetyl value, after removal of 
some solid fatty acids ^ (dihy- 





droxystearic) 

133*1 

94-26 

105-5 

93-31 

81-4 

Saponification value of acetyl- 




ated acids .... 

1 299-2 

284-4 

272-6 

272-3 

264-9 


The numbers obtained by Procter and Holnies ^ on blowing (English 
pressed) castor oil are as follows : — 


Blown. 

Specific Gravity. 

Refractive Index. 

Iodine Value. 

Hours. 

0*^ 

0-958 

1-4800 

83-0 

3 

0-958 

1-4800 

83-0 

6 

0-958 

1-4802 

74-0 

9 

0-958 

1-4804 

73-0 

12 

0-961 

1-4804 

72-0 

15 

0-962 

1-4805 

71-0 

18 

0-96^ 

1-4805 

71-0 

21 

0-966 

1-4806 

69-0 

24 

0-967 

1-4807 

68-0 

L 




Castor oil is strongly dextro-rotatory (Peter, Leering and Redwood), 
The rotation in a 200 mm. tube varied in twenty- three specimens of 
Indian castor oil from + to + 9*7°. The optical activity is no doubt 
due to the presence of an asymmetric carbon atom in ricinoleic acid 
(cp. Vol. 1. p. 213). 

On standing in the cold, 3 to 4 per cent of “ stearine ” are de-t 
posited, consisting, according to Krafft,^ of tristearin and triricinolein. 
Chonowsky ^ proposes to separate off the solid glycerides by dissolving 
castor oil in alcohol and allowing the solution to stand at a low tempera- 
ture, when a crystalline deposit separates out. Amongst the solid fatty 
acids Juillard discovered dihydroxystearic acid (the first natural 
hydroxy fatty acid) to the extent of 1 per cent. The chief constituent 

^ The acetyl value of the removed solid fatty acids was 143 ’3 {theory for dihydroxy- 
stearic acid ; 280 ’6). From these acids there was obtained an acid of the melting point 
180** 0. (melting point of dihydroxystearic acid 131® C.), insoluble in petroleum ether. 

^ ^ J<ntm. Soc. Chem, Ind., 1905, 1287. • ^ 

* Original castor oil. ** Bmchte, 1888, 2730. 

® Bmchte, 1909, 8341. 
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of castor oil is triricinolein. Triricinolein is,' according to Krafftf solid 
in its pure state ; and the liquid state of castor oil would have accord- 
ingly to be ascribed to a state of superfusion of the oil. Hazura and 
Oriissner stated that the liquid fatty acids from castor oil consist of 
ricinoleic and isoricinoleic acids ; Kraft's solid acid is, perhaps, identical 
with one of these acids (cp. also Vol. 1. p. 215, Mangold). Olein does not 
occur iff castor oil.^ Castor oil would therefore consist in the main of 
the glyceride of ricinoleic acid, all the isomerides being comprised under 
that term. 

The occurrence of stearic acid, ricinoleic acid, and hydroxystearic 
acid in castor oil has been confirmed by A. Haller.'^ He was, however, 
unable to confirm Hazura and Grussner’s statement as to the occurrence 
of two isomeric ricinoleic acids in castor oil (cp. Vol. 1. p. 216). 

The proportion of triricinolein calculated by the author from the 
(mean) acetyl value of castor oil, 150, would be — as the acetyl value of 
triricinolein is 159'1 (Vol. I. p. 430) — 94*28 per cent ricino- 
lein ; since dihydroxystearic acid — present to an extent of 1 per cent 
amongst the fatty acids— has the acetyl value 280'5, the percentage 
of ricinolein can only be about 93. The iodine value of triricinolein 
being 81-76, the above calculated 93 per cent of triricinolein would 
absorb 76 per cent of iodine. Castor oil must therefore contain some 
less saturated fatty acids than ricinoleic. This is indeed borne out by 
the iodine value of the liquid fatty acids, viz. 106-9. 

By catalytic reduction of castor oil with hydrogen in the presence 
of colloidal palladium in the cold, Paal and Roth ^ obtained a solid fat 
softening at 69° C., melting at 77° C., and having the iodine value 1-9. 
Catalytic reduction with nickel readily yields a solid product. Having 
regard to the behaviour of ricinoleic acid in the catalytic process (cp. 
Vol. I. p. 214), it will be easily gathered that hydrogenated (hardened) 
castor oil may have retained its original acetyl value, or have lost it to 
some extent, or entirely, according as the hydroxyl group has been 
eliminated completely or partially in the hydrogenising process. Hydro- 
genated castor oil which has practically lost the hydroxyl group 
entirely, is insoluble in alcohol, having become converted into stearin. 
Hydrogenated castor oil which still retains the hydtoxyl gro^p is soluble 
in alcohol, ajid behaves with petroleum ether very much like natural 
^castor oil. 

The amount of unsaponifiable matter in castor oil fluctuates between 
0-30 and 0-57 per cent. 

The specific gravity of castor oil, its behaviour with solvents, its 
acetyl value, and its very high viscosity afford ready means of identifica- 
tion. 

Castor oil has the highest specific gravity of any naturjil fatty oil ; 
only the “ blown oils ” (Vol. III. Chap. XV.) acquire so high a gravity in 

^ Hazura and Gnissner, Joum. Soc. Chem. Ind.^ 1888, 681. 

^ Coinpt rend.i 1907 (144)> 462. 

^ BerichUy 1^0^, 2283; 1909, 1543. Cp. also French patent 434,927 {VereinigU 
chmUche Werke). » 
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the course of mAufacture. Hence the presence of a foreign fatty oil in 
castor oil would^ in the first instance, be recognised by a lower gravity 
of the sample than 0*960. Eosin oil of specific gravity 0*998, which 
may have been added to an adulterated oil in order to mask the influence 
of a for,eign fatty oil, can be easily detected by determining the un- 
saponifiable matter quantitatively. 

Castor oil has the highest viscosity of all known natural fatty oils, 
only “ blown oils ” (Chap. XV.) and rosin oil approaching it in this 
respect. The viscosity of the twenty-three samples examined by 
Deering and Redwood was from 1160 to 1190 seconds for 50 c.c. at 100° F. 

Castor oil is miscible in every proportion with glacial acetic acid 
and absolute alcohol. It also dissolves, at 15° C., in 2 volumes of 
90 per cent, and in 4 volumes of 84 per cent alcohol. Van Itallie ^ 
determined the solubility, in 90 per cent alcohol, of five samples of castor 
oil, with the following result : — 

' 10 c c of Oil Require 90 per cent Alcohol at 20“ C. 

’ * ’ c.c. 


A expressed at 20° C. . . . 264 

B „ „ 60° C. . . . 26-8 

C „ „ 80° C. . . 27*8 

D commercial oil . . . 29*4 

E „ „ . . . 24-0 


For the rapid examination of castor oil (by custom-house officers), 
Finkener ^ recommends agitation of 10 c.c. of the sample with 50 c.c. of 
alcohol of the specific gravity 0*829 at 17*5° C., in a graduated cylinder. 

A strong turbidity, which does not disappear even at 20° C., shows that 
the oil is not pure ; even 10 per cent of foreign oils (sesam6, linseed, rape, 
cotton seed oils) may thus be detected. 

Castor oil is nearly insoluble in large quantities of petroleum ether, 
kerosene, and higher boiling paraffin oils ; as little as 0*5 per cent of 
castor oil causes a turbidity at 16° C. However, castor oil gives a 
homogeneous solution with an equal measure of petroleum ether, or one 
volume and a half of kerosene or paraffin oil ; if more of the solvents 
is used, the excess floats on the top of the mixture. The characteristic 
insolubility is lost at the ordinary temperature if castor oil be adulterated 
with a small quantity of another fatty oil. 

Castor oil is distinguished from all other oils— with the exception ^ 
only of grape seed oil (pending further exammation of grape seed oil) 
by its high acepyl value. In the case of castor oil the acetyl value is 
an important “ characteristic.” Its determination furnishes, there- 
fore, the surest means of ascertaining purity, and enables the analyst 
to estimate the amount of adulteration. 

The saponification value (approaching that of the oils belonging to 
the rape oil group) and the iodine value also afford means of detecting 
frauddently added oils.® 

^ Qum. Ztit, Rep.^ 1890, 367. 

® Journ. Soc. Chem. Ind., 1887, 148. 

* The saponification and iodine values given by Thdrner, viz. 201*208 and 93*94 ^ 
respectively are so §ibnormal that I have omitted them from Uie table of characteristics. “ 
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In test castor oil gives a whitish solid mass, due to the 

formation of ricinelaidin. » 

On ^trating castor oil with concentrated nitric and sulphuric acids, , 
“ nitrated castor oil is obtained (cp. Vol. III. Chap. XV.). 

If the price of castor oil is low, adulteration with a fatty oil will 
handly be practised. When castor oil was high in price, adulteration 
with rape oil, rosin oil, and chiefly with blown oils, did occur. 

Hosin oU is easily detected by determining the unsaponiflable matter. 
Obviously, the polarimetric examination of the sample would be useless 
if rosin oil be present. 

The “blown oils,” although simulating castor oil in specific gravity 
and viscosity, differ from it in having much lower acetyl values, higher 
saponification values (see Chap. XV.), and lesser solubilities in alcohol. 

Castor oil in other oils is easily detected by the high acetyl value 
and the high specific gravity of the sample. 

Castor oil is used in medicine (the purgative action of the oil is due 
to ricinoleic acid). Recently attempts have been made to convert 
castor oil into medicinal preparations, having the form of powders 
(see Vol. III. Chap. XV. ). Up to the year 1877 the only outlet for castor 
oil was in pharmacy. After that year the employment of castor oil for 
the manufacture of Turkey-red oils (“ alizarine assistant ”), “ Emulsified 
Oils ” (Vol. III. Chap. XV.), commenced to gain in importance. On 
saponification with soda, castor oil (like cocoa nut oil) yields a hard 
soap which requires very large quantities of salt for “ salting ” out. It 
is therefore little used alone in the manufacture of hard soaps. The 
soda soap has, however, the property of imparting transparency to 
soaps ; hence castor oil is extensively employed in the manufacture of 
transparent soaps. # 

In India the oil is largely ' employed as a lubricant for locomotive 
bearings. In this country it is too thick to be serviceable for this 
purpose. It is, however, used for lubricating marine engines, and for 
the manufacture of blended lubricating oils (cp. also Vol. III. Chap. XV.). 

Castor oil is used also as a preservative for leather belting in 
ieavy work, and for fat liquoring in the leather industries. It also 
plays an important part in the preparation of fly-gums, and in the 
manufacture of other adhesive agents.^ Castor oil has been proposed 
as a substitute for camphor in the manufacture of celluloid,^ and as a 
solvent of sulphur for pharmaceutical purposes.® 

On a smaller scale castor oil is subjected to destructive distillation 
for the preparation of “ cognac oil,” when undecylenic acid and oenan- 
thaldehyde pass over, whilst the remaining mass solidifies to a very 
bulky, spongy, india-rubber-like mass, for which a solvent has not yet 
been found.^ The residue, after successive washings with alcohol, 
chloroform, and ether, was found to have the composition ® CggH^gOg, 

^ Cp.‘ Castle, English patent 6936, 1905; Patat and Co., French patent 861,954 
(gum tragasol and castor oil). 

* CyGillet, French patent 882,270. 

* Oleum Ricini eiclfuratum ; cp. Schelenz, Pharm, Zeit, (57), 473, 

< Bmchte, 1876, 2034. 

* Fendler and Thoms, Arch, d, Pharm. ^ 1901 (239), 1. 
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corresponding to the anhydride of triundecylenic ACid^(C^fe[K:2^ 

On melting the f)roduct with potassium hydroxide, it yiddf 4 hexa- 
undecylenic acid, CigHg^Og. By oxidation with fuming nilfic acid, 
sebacic acid and an acid of the formula C13H22O4 were obtainW ; by 
oxidation with potassium permanganate, sebacic acid and lower fatty 
acids were produced. If the distillation of castor oil be stopped pst 
before the mass would have become converted into the india-rubber-like 
substance, the oily residue still contains glycerides. This residue 
corresponds to the composition CjQ5Hi4QOig, which appears to be the 
glyceride of the dibasic triundecylenic acid : — (CgH5)2(C33H5gOg)3 (cp. 
Vol. III. Chap. XV. “Polymerised Oils”). 

Castor oil is also polymerised by heating for 10 hours to 260 °- 300 ° 
under a pressure of 4-6 atmospheres ; its product is miscible with 
mineral oils.^ 


Lesser known non-drying oils, see table opposite. 


2 . ANIMAL OILS 

The fatty oils obtained from animals are described in this section 
under the following two classes — 

(1) Marine animal oils, 

( 2 ) Terrestrial animal oils. 

This subdivision is hot made merely for the sake of convenience ; 
it i^ based on striking chemical differences. Broadly speaking, these 
two groups may be compared with the two large classes of vegetable 
oils, viz. the drying and the non-drying oils. 

Like the drying oils the marine animal oils are characterised by 
very high iodine values, by the large amount of ether-insoluble bromides 
they yield, by their power of absorbing oxygen, and by the feature that 
they do not yield elaidins. 

The majority of the terrestrial animal oils resemble the non-drying 
oils in that they have low iodine values, do not easily absorb oxygen, 
and yield solid elaidins. 

Just as vegetable oils exist which occupy an intermediate position 
between the drying and the non-drying oils, viz. the semi-drying 
oils, so we find among the marine animal oils gradations from the 
most pronounced type of readily oxidisable oils to those containing 
large quantities of glycerides of saturated fatty acids, thereby approach- 
ing the chemical constitution of terrestrial animal oils. 

Similarly, such intermediate oils may be expected amongst the 
oils from terrestrial animals. Hitherto, only one oil — chrysalis oil — 
has been described somewhat fully. It may be looked upon as a 
representative of semi-drying animal oils (cp. also “ Drying , Animal 
Fats ” and “ Semi-Drying Animal Fats ”). 

1 Euglish patent 24.935, 24,936, 1905. 



.tion Iodine Refractive 

^ Value. Index. 


Oleander 
Toad-stool 
Louo-Mouc I 
Birch seed 


Ungnadla 
Fenugreek / 

Lucerne / 

Yellow clo^ / 
White clov / 
Bastard cl> 

Red clovei 
Pink clove f 


J. J. C. Bakkcr - 
I J. J. Caiiio < 

I Hciuisch and Zellner ^ 
Alilliaus 
Lldoff* 

Niederstadt^ 

Vongerichten and Kohler ^ 


schaedler J* 

1-4626 (40°) Griinme 
1-4659 (40°) 

1-4666 (40°) „ 10 

1-4624 (40°) 

1-4626 (40°) 

1-4626 (40°) 

I 1-4620 (40°) 


White Mel , }0 
MeUlot .ItlO 
Horn trefJ 


Apeiba, I • • 
Kim seed 3-5 


1-4812 (50°) Grhnine i 
1-4659 (50°) 

1-4620 (45°) 


Wound w 
Turkish < 

1-18 

1 -11 

i 

79-7 

75 9 

1 4640 (60°) 

1 4574(50° C.) 

)> 

Bird’s f 0 ( 

-17 1 

r 1 

li 


1 4593(60° C.) 


Blue Lup 

I -10 


67 6 (I) 

1-4566 (50°) 

.. 

Yellow L 


1 8 

64 0 

1 4600 (60°). 


White Li 

- 9 

IS] 

56 3 

1 4559 (50° C.) 

’’ 10 

Lag wort 

-9 

!i ■ 

62 0 

1-4672 


Soap tree 




0. May K 


W. Hopfner and H. Burmelster 

Niederstadt 

Lecomte and Hubert lo 

Power and Leos 

Power and Salway iU 

Casparl 

Frankforter and Martin 

Lewkowitsch 

Pawlenko 


1 Chen meter. 

S. J. M. J ourn.f 1902, 291. Melting point of oil, 26° 0. ; Reichert value, 

Phai^ is stated to consist of the glycerides of capric, lauric, and oleic 

^ Bull ?rating. 

^ ^fo7l t yellow, has a pleasant taste and a characteristic odour. The 

per cent o; D. is 0-9312, and at 20° C., 0-9203. The refractive index at 0° C, 

90 per cenl ° C., r48228. The husks yielded to ether 8-5 per cent of a black 

authors foi c gravity 0'9412 at 20° C. and 0'933 at 36° C. This oil has the 

Reichert-!) (-Oj 79-7, and the iodine value 87 '2. 

index at : 'Vuirm., 76, 151. 

mushroom value, 775. Titration number insol. volatile fatty acids, 27*21. 

thardlus c Is, lO'i per cent of mean molecular weight, 167 ’8 {Compt. rend, 

•flava^ Zyc*^^' m. des Scietues, 1909, 366), 

Tramites i e^ric 1912, 48 ; Reichert value, 375. The mixed fatty acids oonto 

and cental r cent of capric acid. The statement that the od contains also 

at 74“ 0. accepted with reserve. 

' ® Jour 


Face page 404 , 761. It. 
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(1) Marine Animal Oils 

The members of this class are conveniently subdivided into the 
following three groups : — 

a. Fish oils. 

13. Liver oils. 

y. Blubber oils. 

The term “ train oil ” is avoided in this work, as its German equiva- 
lent “ Tran ” includes all three groups, and therefore causes unnecessary 
confusion. It must further be premised that, under hluhher oils, only 
those oils are included which consist wholly or in greater part of 
glycerides. Therefore the liquid waxes— viz. sperm oil and Arctic 
sperm oil, which are frequently classed together with blubber oils — are 
excluded from this group. 

The oils belonging to “ Marine Animal Oils ” are liquid at the 
ordinary temperature ; on cooling they yield, however, varying amounts 
of solid glycerides. They are readily distinguishable from other liquid 
fats by "their fishy taste and smell. 

The specific gravities of the marine animal oils vary between 0’916 
and 0*930.^ The saponification values of some of the blubber oils 
deviate widely in both directions from the mean value of the majority 
of vegetable and marine animal oils — 195 — according as they contain, 
on the one hand, large amounts of spermaceti, or glycerides of volatile 
fatty acids on the other. Hence this characteristic cannot be used as 
a basis for subdivision. 

The liver oils appear to form a natural group characterised by the 
presence of notable amounts of cholesterol and, owing to their origin, 
also small amounts of foreign substances. Since, for the purposes of 
subdivision, the iodine value is adopted in this work as the basis, the 
liver oils are interposed between the fish oils and the blubber oils. 

The earlier statements that the marine animal oils are characterised, 
and can be differentiated from all other fatty oils, by the intense coloura- 
tions they give with caustic soda, sulphuric acid, nitric acid, and 
phosphoric acid, must be considered as valueless. 

Phosphoric acid, in particular, was proposed as a very characteristic 
reagent, capable of detecting even 0-1 per cent of these oils if admixed 
with vegetable oils. The best results were stated to be obtained by 
warming five measures of the oil under examination with one volume 
of syrupy phosphoric acid, when all oils belonging to this class, both 
alone or in admixture with other oils, showed intensely red, reddish- 
brown, or brownish-black colourations. Holde indicated that the 
phosphoric acid test was uncertain, as on the one hand rosin oils produce 
red colourations with this acid, and on the other hand distinct coloura- 

I for some comparative viscosities of fish oils see G. F. Wliite, Les Malices grasses, 
1912, 2677, 2719. 

^ Journ. Soc. Chem. Ind., 1890, 419. 
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tions only appear when large quantities of marine animal oils are present 
in other oils. The author,^ after an exhaustive examination of these 
colour reactions, has come to the conclusion that they are by no means 
characteristic of these oils, but are due to impurities which can be 
removed by proper modes of refining. Thus, a sample of horses’ foot 
oil (not refined), prepared in the author’s laboratory, gave, with the 
above-mentioned reagents, colourations which might be considered as 
typical of marine animal oils. Old samples of linseed and cotton seed 
oils behaved similarly. 

The same conclusion holds good of the chlorine test (cp. Vol. I. 
p. 495). 

Owing to the large amount of unsaturated fatty acids which the 
marine animal oils bel6nging to this class contain, they develop a 
considerable amount of heat in the thermal tests. 

The nature of the fatty acids in these oils is still very imperfectly 
known. Some of the blubber oils have high Reichert values, pointing 
to the presence of large quantities of volatile acids. Others deposit 
“ stearine.” On cooling this appears to consist chiefly of palmitin. 
Most of these oils contain large proportions of unsaturated fatty acids, 
as is shown by their high iodine values, ranging from 120 upwards and 
€ipproximating the values characteristic of perilla and best linseed oils. 
The high iodine values, especially those of the fish and liver oils, clearly 
point to the presence of acids much less saturated than those belonging 
to the oleic series. It is by no means certain that oleic acid occurs in 
these oils. The “ physetoleic ” acid of the earlier authors (cp. Vol. I. 
p. 177) could not be detected by Fahrion? Bull's^ statement that 
all oils belonging to this class — with the exception of cod liver oil — 
contain erucic acid, as also an acid of the formula CgoHsgOg, still requires 
confirmation to some extent ; all the more so, as Bull ^ later on showed 
that erucic acid does occm* in cod liver oil (bee below), and as the several 
highly unsaturated acids mentioned by him could not be detected by 
Tsujimoto (see below). The unsaturated acids cannot be identical with 
linolic or linolenic acids, as the oils, although absorbing large amounts of 
oxygen, do not dry like linseed oil with the formation of a flexible skin. 
The fish oils proper dry better than the liver oils, the best of them being 
menhaden, sardine, and herring oils. These oils when used alone dry 
to a somewhat sticky skin. The author observed many years ago that 
the free fatty acids from seal and cod liver oils kept in stoppered glass 
bottles deposit, after a few months’ standing, a resinous substance. 
Tsujimoto ® following up this observation discovered in a large number of 
fish, liver, and blubber oils clupanodonic acid (Vol. I. p. 210) to an extent 
of from 6 to 9 per cent. Owing to the presence of this acid the marine 
animal oils yield in the bromide test considerable amounts of brominated 
glycerides. These differ from the ether-insoluble bromides obtained 
from vegetable drying oils (cp. Vol. I, p. 475). The ether-insoluble 
bromides prepared from the mixed fatty acids do not melt, like linolenic 

. # ' 

^ Lewkowitsch, Journ. Soc. Cfiern. Ind., 1894, 617. Cp. Vol. I. Chap. VII. 

2 Journ. Soc, Chem. Ind., 1893, 938 ; 935. ® Chem, ^eit., 1899, 996. 

Berichte, 1906, 3570. ^ ® Chem, Revue, 1913, 70. 
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[ether-insoluble] bromide, at about 175°-180° C., but remain solid up 
to about 200 ° C., and then become black, without, however, melting 
to a liquid (dp. Vol. 1. p. 571). 

. Tsujimoto^ examined similar resinous substances obtained from 
Japanese sardines, herring, and whale oils after three years’ standing. 
They were insoluble in petroleum ether, ether, and carbon-tetrachloride. 
Undoubtedly these resinous substances represent “ oxidised acids.” 
The elementary analysis published by Tsujimoto favours the view that 
they are oxidation products of clupanodonic acid. Indeed, the rapid 
oxidation which the free fatty acids of fish, liver, and blubber oils 
undergo, is characteristic of these oils and seems to be due to the presence 
of clupanodonic acid. Hence old marine animal oils — and even those 
which have been bleached by sunlight — give dark-brown soaps, whereas 
freshly prepared oils give only slightly coloured soaps. The changes 
which the oils undergo by insolation are evidenced by the following 
table : — 



Japanese Sardine Oil. 

Herring Oil. 


Before Ex* 

After Ex- 

Before Ex- 

After Ex- 


posure to 

posure to 

posure to 

posure to 


direct 

direct 

direct 

direct 


Sunlight. 

Sunlight. 

Sunlight. 

Sunlight. 

Colour 

Brownish 

Pale 

Reddish 

Pale 


yellow 

yellow 

yellow 

yellow 

Odour . . ... 

Fishy 

Distinctly 

changed 

Fishy 

Distinctly 

changed 

Consistence 


Very 


Very 



viscous 


viscous 

Specific gravity 15® C. 

0-9359 

0-9672 

0-9243 

0-9446 

Acid value 

10-02 1 

11-08 

2-58 

2-61 

Saponification value . 

190-34 ; 

216-65 

183-97 

196-38 

Iodine value (Wijs) , 

176-78 

134-89 

118-62 

96-39 

Refractive index 20® C. . . i 

1-4804 

1-4838 

1-4757 

1-4772 

Ether ■ insoluble bromide, per I 





cent 1 

43-40 

24-46 

21-20 

10-71 

Oxidised acid . . . . ' 

0-27 

8-63 

0-92 

6-62 


Fahrion is of opinion that he has proved the presence of an 
unsaturated acid, CigHgQOg— jecoric acid— (cp. Vol. I. p. 209), and 
infers the presence of an unsaturated acid of the composition C 17 H 32 O 2 
— asellic acid — from a dihydroxylated acid (dihydroxyasellic acid) 
obtained on oxidising the fatty acids of sardine oil. In the light of 
Ljuharshy's statement (Vol. 1. p. 227, “ Dihydroxypalmitic Acid”) 
that dihydroxystearic acid forms with dihydroxypalmitic acid a 
“ eutectic ” compound, the existence of dihydroxyasellic and hence 
of asellic acid itself must be doubted. Heijerdahl claimed to have 
^ discovered two unsaturated acids in cod liver oil, viz. jecoleic and 
therapic acids (Vol. I. p. 194 and p. 210). Bull assumes amongst the 
liquid fatty acids of cod liver oil the presence of an acid of the com- 

^ Journ. Coll. Eng. Tokyo Imp. Univ., 1908, iv. 193. 

^ Journ. Soc. Chem. /mi., ,1893, 935. 
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position C23 Hg^Og, belonging to tbe series C^Hgn-ioOj. The existence 
of all the last-mentioned acids is so far hypothetical. An investigation 
of this subject was therefore a desideratum. 

Tsujimoto doubts the occurrence of jecoric acid in herring oil, and 
has further shown that no evidence could be obtained of the presence 
of the two highly unsaturated acids of the formulae C22H32O2 and 
C24H40O2, stated by Bull to occur in herring oil. The existence of 
BulVs ^ gadoleic acid, C2oH3g02 (Vol. 1 . p. 194 ), also stands in need of 
confirmation. 

The “ Bromide test,” described Vol. 1 . p. 475 , can be used as a 
qualitative test for the detection of fish, liver, and blubber oils by 
filtering off the ether-insoluble brominated glycerides and subjecting 
them to the melting-point test. By proceeding as described in Vol. 1 . 
p. 570 , the test can be made a quantitative one. 

Halphen^ recommends as a qualitative test for the presence of 
marine animal oils, a reagent consisting of 28 volumes of glacial acetic 
acid, 4 volumes of nitrobenzene, and 1 volume of bromine, which 
differs from that employed in the bromide test merely by the presence of 
nitrobenzene. Evidently Halphen's method does not admit of a 
differentiation of marine animal oils from vegetable drying oils. The 
same stricture holds good for the further suggestion made by Halphen, 
viz. to differentiate the ether-insoluble bromides obtained from linseed 
oil, from those yielded by marine animal oils, by their behaviour with 
boiling carbon tetrachloride. Experiments made in the author’s 
laboratory proved that the ether-insoluble bromide from linseed oil 
does dissolve in hot carbon tetrachloride, and gives a somewhat crystal- 
line precipitate on cooling, whereas the ether-insoluble bromide from 
marine animal oils does not dissolve completely and gives a gelatinous 
precipitate on cooling. It would, however, be impossible to differentiate 
thus linseed oil from marine animal oils ; it is still more hopeless to 
detect thus marine animal oils in linseed oil. The different behaviour 
in the melting-point test of the ether-insoluble bromides of the mixed 
fatty acids is so characteristic that Halphen’s solubility test is super- 
fluous. 


a. Fish Oils 

The fish oils are obtained from all parts of common fish — such as 
the herring, sardine, salmon, sprat, etc. — by boiling with water. The 
livers of these fish contain, as a rule, very little oil, whereas the bodies 
of the liver-oil-yielding fish, notably cod fish, yield so little oil, that it 
is not prepared commercially. Cod fish only contains 1*8 per cent, 
and ling fish 2*2 per cent of oil.^ 

It should be noted that the industry of fish oils has undergone a 
very important change during the last decade, in consequence of the 

^ Berichie, 1906, 3574. ^ Journ, Pharm. Chim., 1894, 369, 391. 

3 Gresboff, Chem. Zeit., 1906, 856. 
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replacement of fishermen’s sailing boats by steam trawlers and more 
recently by motor boats. Whereas in former times fishing boats 
would remain out at sea for about a week or two, the fish are at present 
brought to shore {i.e. into the rendering establishment) almost within ^ 
one day.i Thus deterioration due to the oil having remained for some 
time in contact with highly putrescible matter has been obviated to a 
large extent. The very dark colour and rank odour which used to 
characterise fish oils has therefore given place to a somewhat paler 
colour and a much less unpleasant, though still strongly pronounced, 
fishy smell. Oils so obtained lend themselves readily to refining 
operations ; it may, however, be mentioned that special processes 
applied by the author on a large scale to oils of rank odour have brought 
even these oils within the reach of industrial application. 

In consequence of these improvements, and the erection of estab- 
lishments in which rendering is conducted on such a large scale that the 
separation of livers from the bodies of oil-yielding fish is performed 
more carefully, commercial fish oils are now comparatively free from 
liver oils, which were so prevalent in the fish oils of former years. 

The analytical numbers published by earlier observers frequently 
referred to a mixture of fish and liver oils, a fact which explains the 
large amount of unsaponifiable matter stated to occur in fish oils. 
These unsaponifiable matters were due to the presence of liver oils, 
as also of liquid and solid waxes, which were intermixed with the fish 
oils. Hence those numbers which appeared to the author unreliable 
have been omitted from the following pages. 

Many attempts have been made to deprive the fish oils of their 
peculiar fishy taste, and to bring them within the range of edible oils.^ 

All these endeavours have failed hitherto, but the tempting nature of 
the problem is still attracting the attention of inventors. A. de 
Hemptinne patented a process ^ for treating fish oils with ozone, with 
a view to removing their peculiar taste. I can state from my own 
experience with samples treated by this process, that it does not appear 
unpromising, but hitherto oils so treated have not appeared on the 
market. Welfling ^ as also van der Heyden ^ suggest to deodorise 
fish oils by extraction with alcohol, followed by filtration over char, 
fuller’s-earth. 

Less deserving of attention are the processes aiming at the treatment 
of fish oils or their fatty acids with concentrated sulphuric acid,® or 
with sulphuric acid and sodium nitrate.’^ E. Bohm^ claims to deo- 
dorise fish oils by heating them in vacuo to a temperature of 350® to 
400° C. E. Petersen and H, Holstein ® treat with superheated steam 

^ (Petrol) Motor boats in sardine tlshing. 

^ Cp. Lewkowitscli, “Problems in the Fat Industry,” ./owni. Soc. Chem. Ind., 1903, 

592.^ Cp. also Vol. III., “Edible Oils.” 

^ English patent 12,525, 1905 ; German patent 169,410, 

* French patent 394,456. ® French patent 394,530. 

^ Sandberg, German patent 162,638 ; French patent 829,256 ; English patent 
2202 1903. 

^ Potolowsky, United States patent 823,361. ® English patent 7901, 1906. 

® German patent 202,576, 1908 ; Norwegian patent 18,305, 1907. 
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and char and chalk. Bottaro ^.states that odourless fish oil fatty acids 
are obtained by saponification with lime and by decomposing the lime 
soap with sulphurous acid.^ ^ 

Tsujimoto ^ attributes the fishy odour of idarine animal oils to the 
presence of the glyceride of clupanodonic acid, and states that in order 
to deodorise the oils this glyceride must be either removed, or its 
constitution altered. It should be noted that on hydrogenating fish 
oils by means of a catalyst the characteristic fishy odour disappears. 

Panzer ^ has shown that the flesh of fish which has been packed in 
ice contains a considerable amount of indol, and ascribes to this its 
peculiar smell. Attempts have been made to deodorise fish oils by 
means of the action of dilute sulphuric acid and 0- 2-0-5 per cent of 
zinc dust. For the detection of fish oils in animal or vegetable oils 
the bromide test (Vol. I. p. 476) should be applied to the liquid fatty 
acids prepared by the lead-salt-ether method (see Vol. I. p. 545), great 
care being taken to avoid oxidation during their isolation. The 
melting point of the bromide shows at once if any fish oil is present. 
If the bromide does not melt it should be extracted with boiling benzene, 
when the hexabromide will pass into solution leaving the pure octo- 
bromide undissolved. The saturated fatty acids should be examined 
for erucic acid by hydrogenating and subsequently isolating behenic 
acid (see Vol. I. p. 555). 

The chief centres of the fish oil industry are the northern ports 
of the east and west coasts of Great Britain, Gloucester on the east 
coast and San Francisco on the west coast of the United States, and 
the east and west coasts of Canada. Japan is at present making great 
efforts to place its fish oil industry on a proper commercial basis. 
Smaller quantities of oils are furnished by the sardine packing works, 
in which sardine oil is prepared as a by-product, and by some minor 
installations, such as an establishment in Alt-PiUau (East Prussia), 
where miscellaneous fish caught in the Baltic are worked up by macera- 
tion between rollers, drying of the comminuted mass, aiid extraction 
with “ benzine.” 

If fish oils are allowed to stand for some time, especially at low 
temperatures, larger or smaller quantities of “ stearine ” separate. 
This “ stearine ” ( “ fish stearine ”) is collected separately (cp. Vol. III. 
Chap. XVI.). 

^ English patent 23,534, 1906; German patent 230,123. Cp. also E. Marks, 
English patent 17,430, 1912 ; C. Welfling, French patent 394,456 ; G. van der Heyden, 
French patent 394,530. 

“ Cp. also Hofmaii, Belgian patent 260,360; Oelwerk, Berlin G.ni.b.H. ; Italian 
patent 409/133/132,238. 

^ Journ. Coll, Eng Toktp Imp. Univ., 1908, 177. 

4 aem. Eeit., 1909, 1016. 
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MENHADEN OIL 

French — Huile de menhaden ; Huile d’Alose. G^imm—Menhadenol. 

Italian — Olio di menhaden. 

For table of characteristics see p. 414. 

Menhaden oil is an American fish oil, and, like other fish oils, is 
prepared from the body of fish, especially from that of the menhaden, 
Alosa menhaden, Cuv. (BrevQortia tyrannus), a fish somewhat larger 
than a herring. From about May until November this fish appears in 
enormous quantities off the Atlantic coast (especially off New Jersey), 
so that as much as 400,000 tons are caught in one season. A century 
ago it was part of the duties of the farmer along the Atlantic coast to 
devote some weeks in each year to catching menhaden fish for use as 
a fertiliser. 

The fish are delivered from the steamers, by means of elevators, 
on to automatic conveyors, from which they are passed over automatic 
scales into large boiling pans. These are provided with false bottoms, 
below which open steam coils are fixed. On boiling the contents of the 
pan the fish are disintegrated and the oil separates easily from the flesh. 
After turning off the steam and allowing the mass to rest, the oil rises 
to the top and can be skimmed off by means of swivel skimmers.^ 

During the last few years boiling vessels have been introduced which 
permit of continuous working, the fish being passed on conveyors 
through the boilers, ^ whilst open steam acts on the fish. The time 
required for the fish to pass through the boiler, lasts from fifteen to 
twenty minutes. The whole mass is then transported by screw con- 
veyors into settling tanks, where the oil separates by gravitation. In 
either process the “ fish scrap ” falls to the bottom of the vessels, and 
is then pressed in hydraulic presses, similar to those used in the working 
up of “ tankage ’’ (see Vol. III. Chap. XVI.), when a further quantity 
of oil — inferior in colour — is obtained. In some works such pressed 
cake — termed “ chum ” — is boiled out with hot water and pressed 
once more ; but this process is not carried out in large works, as it is 
not remunerative, the fish only containing from 1 to 16 per cent of oil 
(cp. Vol. II. Chap. XIII.) The scrap is finally dried in continuous 
dryers, of which various types are in use {Anderson dryer, Cummer 
dryer, vacuum dryers), and is sold as a valuable manure.^ In fact the 
‘‘ scrap ” was formerly considered as the main product, and it is owing 
to the demand for scrap that the fish oil industry has assumed such large 
dimensions. 

\ Cp. Freiicli patent 416,558. Lange, Pujol and Delpon. 

^ Cp. English patent 25,425, 1901, I'\ V. Speltie, and (xerman patent 151,553, V. 
Speltie ; cp, also French patent 338,472, “ Precede et appareil pour la fabrication continue 
d’huile de poisson et de guano," H. J. A. Pompe van Meerdeervorte ; German patent 
135,666, Ch. Wacker ; English p 9 ,tents 24,604, 1901 ; 18,743, 1902, E. R. Edson (in the 
name of Haddon). German patents 139,969; 141,595, 149,613, E. R, Edson. German 
patent 108,132, P. Hagen. English patent 25,882, 1906, Pearson. 

^ Cp. C. Kippenberger, Zeitschr. f. angew. chem., 1913, 154. Cp. also V. Cambon, 
Portuguese patent 7801, 1911. 
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With the extension of the industry, ;iew uses have been found for 
the oil itself, which ranks equal in value to the scrap, but fetches a 
much higher price when the price of linseed oil is high.^ 

In order to show the extent of the menhaden fish oil industry the ♦ 
following table, published by the United States Fish Commission of 
Washington, is given 




No. of 

Number of 
Fish worked 

Oil Produced. 

Fi.sh Scrap 
Piodueed. 

Value of 
Total Pro- 
duction. 



Works. 

up, in 
Thousands. 

Oalloiis. 

Value 

in 

Dollars. 

Tons. 

Dollais. 

Dollars. 

Connecticut \ 

New York / ' 

1012 

8 

317,400,700 

3,013,500 

838,216 

28,374 

484,303 

1,322,519 

New Jersey i 
Delaware / 

1012 

7 

148,517,400 

957,337 

247,8.31 

12,760 

252,339 

500,170 

Virginia 

North Caioluia\ 
Florida / 1 

]ltl2 

1912 

20 

13 

.511,00.1,050 

S4,S59,or»0 

1.907,083 

173,283 

426,948 

38,995 

40,255 

7,125 

1,208,321 

193,202 

j 

1,635,269 

232,197 

Total . j 


IS 

1001,813,750 



6,051,203 

1,551,990 

88, 5 JO j 

2,138,165 

3,690,155 


The colour of menhaden oil varies according to the state of freshness 
in which the fish arrives, and with the duration of the boiling process, 
The longer the oil has been allowed to remain in contact with the 
putrescible mass and the longer tlie fish has been boiled, and hence the 
longer the oil has been in contact with the gluey water, the darker is its 
colour. Therefore, the separation of the oil from the gluey water is 
carried out as rapidly as possible. Fresh fisli yield a light coloured oil ; 
the oil running from the scrap ” in the presses is the darkest in colour. 

In commerce the following three qualities are known : — “ Prime 
Crude,” “ Brown Strained,” and “ Light Strained Oil.” Frequently 
the oils are difierentiated into four grades : A, B, C, and B. A being 
extra pale, B pale, C brown, and B dark brown oil. Since the menhaden 
oil industry extends now along the Atlantic coast even down ‘to Texas, 
the trade differentiates also between northern menhade?! oil and 
southern menhaden ^ oil. It is therefore desirable that in future the 
origin of an oil, the characteristic numbers of which are published, be 
described as fully as possible. The process of refining consists mainly 
in brightening the oil by filtering, etc. 

The light-coloured oils are allowed to rest some time in the cold 
whereby “ stearine ” separates ; thus the “ winter oils ” are obtained. 
They are then bleached by filtering over fuller’s-earth, etc. ; in this 
manner two grades are obtained, viz. “ bleached winter white ” and 
“ bleached winter ” oils. 

Menhaden oil consists almost entirely of glycerides, as is shown 

^ Cp. J. Tiirrentine, Journ. Ind. Eng. Chem., 1913, 378. 

^ Southern Menhaden oil, “A" quality, is very pale but contains more “stearine” 
than the northern oil ; as the trade term runs, it is more “ tender” and congeals readily 
at low temperatures. 
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by its saponification value, the proportion of glycerol it yields on 
saponification, and the small amount of “ unsaponifiable matter.” 
ihe chemical composition of the unsaturated glycerides is not known 
yet. Bull states that he isolated from a specimen of menhaden oil 
23 per cent of a fatty acid, having the neutralisation value 197-0 and 
absorbing 312-6 per cent of iodine. 

'As clupanodonic acid absorbs theoretically 367-7 per cent of iodine, 
the acid isolated by Bull must have contained considerable quantities 
of clupanodonic acid. 

Two specimens of hardened marine animal oils examined by Grimm e ^ 
had a tallowy consistence, and gave the following cliai-acteristics 


Specific gravity at 15° C. 
Melting point, ° C. 
Solidifying point . 
Kefractive index at 40° (\ 
Acid value 
Saponification value 
Iodine value (Wijs) 



0-9271 

0-9256 


47-2 

38-5 


34-9 

31-5 


1-4529 

1-4575 


1-94 

• 1-00 


189-3 

188-8 


23-24 

58-34 


.1 


Grimme states that the colour reactions of hardened fish oils do not 
correspond with those of the raw oils. He also gives a table of colour 
reactions of hardened seal, whale, liver and fish oils, without, however, 
indicating to what extent hydrogenation has been carried out. 

The amount of unsaponifiable matter found by several observers 
is given in the following table : — 


Unsaponijiahle Matter 


Colour of tlie Oil 

Per cent. 

Observer, 

Pale yellow . 

0'61 

Fahnon 

Red ... 

0*82 

Yellowish-red (Levantine) . 

1-43 

Thomson and Ballantyne 
Bull 

Brown 

Extra pale .... 

1-60 

1*43 


The unsaponifiable matter consists chiefly of cholesterol, to the 
presence of which the slight optical activity of menhaden oil is due. 
A sarnple examined by Liverseege showed in a 200-mm. tube a deviation 
of - r ; the same sample gave in the Valenta test 80° C. 

Jean found in menhaden oil 0-02 per cent of iodine. 

^ Chem. Revue, 1913, 129. 


[TabI- 




Physical and Chemical Characteristics of Menhaden Oil 



Aguiar market quality, 1911-1912. 2 strongly acid oil. 3 Bleached winter oU. 

Natural pressed menhaden oil. ^ Neutralised oil. « Neutral oU. 

[Tialyst, 1904, 211, The optical rotation of the sample examined was - I'O'" in a 200-mm. tube, the Valenta test 89' 
Forthem Menhaden oil. » This oil yielded about 40 per cent of insoluble bromides. 
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For the detection of menhaden oil in cod liver oil, Hoppenstedt 
gives the following colour reaction 5 c.c. of the oil are placed in a 
test-tube together with 5 c.c. of acetone. 1 c.c. of concentrated hydro- 
chloric acid is added and the tube shaken for one minute. The contents 
are then mixed with 5 c.c. of petroleum ether and allowed to separate. 
In the case of pure menhaden oil the lower layer assumes an intense 
bluish-green colour, whereas the cod liver oil gives a yellow to brown 
colour. In a mixture of equal parts of cod liver oil and menhaden oil 
the green colour predominates, but a mixture containing 20 per cent 
of menhaden oil can no longer be recognised as the green colour is 
masked by the brown colour of the cod liver oil. 

Akop ^ believes that menhaden oil can be detected in cod-liver oil 
by the acid, saponification, and iodine values, and specific gravity. 
He gives the following summary of some analyses of cod oils and 
menhaden oils 




Cod Oil!'. 


.Menhaden Oils. 


Mini- 

mum. 

Ma\i- 

nmin. 

Average. 

Brow 11 
Oils.. 

Miiii- 

muni. 

Maxi- 

mum, 

Average. 

Specific gravity . 

0-922 

0 9279 

0-9245 

0-9235- 

0-928 

0-9349 

0-029- 




0 9255 



0-931 

Acid value . 

11-9 

39 4 

24 8 


3-53 

11-74 

5-8 

Saponification value , 

180 

195 

184-190 


189-6 

198 

190-195 

Iodine value (Hubl) . 

132 

160 

135-145 


145 

170 

1 150160 


Menhaden oil is frequently adulterated with mineral and rosin oils. 

Its principal use is in the currying trade, and in the manufacture 
of sod oil. The oil is also employed in soap-making, for the tempering 
of steel, and for adulterating Newfoundland cod liver oil and paint oils,^ 
and also in the manufacture of linoleum. It is also used for a rubber* 
substitute and for making waterproofing solutions.^ The oil used for 
paint-making should be a “ winter oil ” containing very little solid 
glycerides and also the least possible amount of free fatty acids. ’ Cobalt 
tungate is stated by Lusskin ^ to yield the best results when used as a 
dryer. When linseed oil is high in price, menhaden is used to a con- 
siderable extent as a substitute for linseed to the detriment of the 
quality of the products. 

Journ. Amer. Leather Chem. Assoc., December 1910. 

2 Ibid., 1910, 204. 

* E. W. Mann, Journ. Soc. Chem. Ind., 1903, 1357, describes a menhaden oil con- 
taining 6 '73 per cent of unsaponifiable matter, and having the Reichert value 2 '2 and 
the iodine value 145 '8. These abnormal numbers have not been embodied in the 
tables. 

* English patent 26,789, 1910. 

^ Eighth Int. Cong. Appl. Chem,, 1912, sect. v. e (12), 156. 
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JAPANESE SARDINE OIL, JAPANESE FISH OIL 

Yiench—Huile de sardine du J a'pon . German—,/ apaniscJies FischoL 
Italian — Olio di sardine del Giaffone. 

For table of characteristics see p. 417. 

Japanese sardine oil is obtained from Chipanodon melanosticta, 
T. and S. (Japanese : ma-iwashi), a fish belonging to tlie Clupeidcp. 
The fish is chopped and boiled with water, the oil then separates on 
the top. When there is a scarcity of labour — as happens during the - 
fishing seasons — the fish is allowed to rot in heaps ; the greater part 
of the oil then flows out and the remainder is subsequently recovered 
by pressure. The oil obtained by the first process is Lmpid and* can 
be easily refined, whei'eas the oil from the second process has a very 
dark colour and a nauseous taste. The crude oil contains about 30 
per cent of “ stearine.” ^ It is refined in Yesso and Yokohama by 
heating to 50^-60° G. for an hour, and then running it off into woodeh 
vessels, where it separates into three layers. The upper layer is liquid 
and clear, the middle layer consists of solid fat,^ and the lowest layer of 
water intermixed with albuminous substances and “ scrap.’’ 

Owing to the extension of railway facilities the fish is now largely 
sold for food. 

By far the greater part of sardine oil produced in Japan is exported 
to Europe. In 1905, 14,130 tons (2,379,207 kin, valued at 125,260 yen) 
were shipped abroad. The remainder is used at home for tanning 
leather, preparing paints, etc. 

As the commercial Japanese sardine oils sold hitherto were more 
or less mixed with other fish oils, the numbers placed against “ Com- 
. mercial Oils” in the table of characteristics, p. 417, refer to oils the 
genuineness of which cannot be vouched for. The same strictures 
apply to the numbers given in the following table, due to Fahrion : — 



I 

11 

III 

IV 

V. 

VI 

vir 

viir. 


Iodine 

Value. 

Acid 

Value. 

In- 
soluble 
Acids 
-1- Un- 
sapniii- 
lUble 

Oxidised 
Acids 
I’er cent 

Un- 
.saponi- 
fiable 
Per cent. 

Fa;V 
Acids 
freed from 
Oxidised 
Acids 

Pei cent 

Moleculor 

WeiKhtol 

VI. 

Neutralisa- 
tion Value 
of the Fatty 
Acids freed 
from Oxi- 
dised Acid8.2 

lapaiiege fish oil, pale . 

164 0 

10 S 

95 52 

1 16 

0 52 

93 84 

282 8 

185*8 

„ brown 

157 6 

34-2 

90-58 

0 75 

1 0 67 

95 16 

281-7 

189-1 

M pale 

13,5 7 

12 3 

97-01 

0 41 

0-82 

95-81 

295 7 

181-4 

,, reddish-brown 

lOS .5 

34-5 

9C-82 

0 62 

0 86 

95-34 

290 6 

‘ 180-0 

„ yellow . 

100-1 

2S2 

! 96 51 

0-49 

0 79 

95 23 

290 2 

183-8 


^ Tliis .solid fat, brought into connncrce under the name “reHiiod fisli tallow,” i.s 
chiefly used as a degraa .sulistitiite for currying leather {Joiirn, Soc. Chm. ImL, 
1894, 894) Cp. also Vol. III. Chap. XVI. 

Tilts number is termed by Fahrion “Inner saponification value.” 



Physical and Chemical Characteristics of Japanese Sardine Oil 



VOL. II 


35 -4-36 *2 Tsujimoto 44 -247 'I Tsajiinoto 
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The following notes also refer to “ Commercial Oil ” 

A sample of Japanese fish oil examined in the author’s laboratory 
by Walker and Warhurton^ yielded 21*22 per cent of ether-insoluble 
brominated glycerides ; the mixed fatty acids gave 23-23*3 per cent of 
an ether-insoluble bromide which became black at 200^^ C., without 
melting. Another sample of Japanese fish oil containing some liver 
oil, and dcmdorised ou a large scale by a special process, yielded, in 
the bromide test, 49-53-3 per cent of brominated glycerides ; its mixed 
fatty acids gave 38-39*3 per cent of a brominated product which turned 
black at 2(X)° 0., witliout melting. 

BvU states that he lias isolated from a number of Japanese fish oils 
5*75-26*4 per cent of liipiid fatty acids, absorbing 292*8-358*3 per cent 
of iodine. 

Three specimens of undoubtedly pure Japanese sardine oils, free 
from other fish oils, were examined by M. Tmiimoto? The character- 
istics obtained by him are recorded in the table, p. 4 17. On brominating 
the mixed fatty acids 47*09, 44*24, and 41*88 per cent respectively of 
clupanodonic octobromide were obtained. Since 100 parts of tlic octo- 
bromide correspond to 30-16 jiarts of clupanodonii' acid, the mixed 
fatty acids of Japanese sardine oil contain 13*34-1 4*20 per cent of 
clupanodonic acid. 

Clupanodonic acid and other acids of the senes C/d42/!-8^2 
partially removed by distilling the fatty acids in a current of super- 
heated steam or under reduced pressure, as these acids do not distil so 
readily as the less unsat-u rated acids ^ 

Japanese fish oil must not bo confounded with -lajianese cod liver 
oil. Japanese fish oil is used in hhirope in the leather industries, and 
for making soft soap. 


SARDINE OIL 

French - Huile de .'Sardine. Cmrman - - Alurdiu.cntJ. 

Italian— 0/u) di sardine. 

This oil is obtained from sardnius, L., in the preparation 

of tinned sardines. The heads of the sardines are cut olT, and the oil 
is expressed from the “ scrap.” Large quantities of this oil are prepared 
on the Spanish and French coasts. The oil recovered on the Spanish 
coast has been exported chielly to Cermany, ostensibly to bo used in 
the manufacture of varnishes (see below). 

Some characteristics of sardine oils, due to Fahrion, are given in 
the following table - 


1 Annh/fif, 1902, 237. 

" Juvm. Co/I Kn<j. Tokyo Imp. Unir., 190l), vol. iv. p, 1, 
^ Tsujiinoto, Clieui. Heruc, 1913, 8. 
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I. 

If. 

III. 

IV 

V. 

VI. 

VII. 

vrii. 


Iodine 

Value. 

Acid 

Value. 

In- 

soluble 

Acids 

d-TTn- 

.sapoiH- 

liablo. 

Oxidibcd 
Acids. 
Ter cent 

Un- 
saponi- 
lublc 
I’or cent. 

Fatty 
Acids 
frets! fioin 
Ovidiscd 
Acids 

Poi cent 

Mnlt'ciilar 

Wci'ditof 

VU. 

Noutralisa- 
tion Value 
of the Fatty 
Acids freed 
from Oxi- 
disedAcids.l 

Sardnio oil, yellow 

191 7 

‘ 19 2 

95 GO 

0 01 

0 48 

94 51 , 

2857 1 

185<2 

,, red . 

inr 0 

21 7 

90 55 

1 S5 

I 01 

<14 1<) 

297 7 

177'2 

„ reddish jellow 

100 9 ; 
1 

4 t) 

97 08 

0 94 

0 63 

95 51 

299 5 

179 5 


The solid fatty acids in a specimen of sardine oil examined by 
Fahrion were at first stated to consist of palmitic acid only ; afterwards 
he modified this statement by allowing a small quantity of stearic acid, 
palmitic, however, preponderating. The licpiid fatty acids did not 
contain physetoh'ic acid (Chap. llT.)j could oleic, linolic, or either 
of the two Imolcnic acids be deli'cii'd. The unsaturated fatty acid was 
stated to ha jeconc and, CksII.j,/)^ (fiom jenir, liver; though sardine 
oil is not a liver oil), an isomerido of Imolenic acid, but differing from it 
essentially in that it does not conform to Hazara s rule (Chap. HI.). 
According to this I'ule it should yield, on oxidation with potassium 
permanganate in alkaline solution, a Inivahydroxy acid, whereas it is 
apparently lirokcn down with the foimalion of carbonic and volatile 
fatty acids. Fahrion considered this siieciimm of sardine oil to consist 
of 14-3 per cent of tripalmif in, and of 80-7 per lamt of trijecorin. 

These results have been severely criticised by lkcns'.s’,“ and stand 
greatly in need of conlirination. 

It has already been pointed out above that Tsujimoto could not 
detect any jeconc acid in .lapancso Sardinia oil, and it may therefore 
be taken that neither does Kuropean sardim' oil contain this acid. It 
seems most likely that also the Kuropean sardine oil conlains clupano- 
donic acid This could be readily ]>roved by examining the behaviour 
of the broininated acads in llie mi'lling point test. 

Sardine oil is put to the same us(‘s as flajianesc sardine oil. The 
employment of the oil in the vainish industry can only be looked upon 
as an experiment which, doubtless, has led to failure. 

The oil ivomChtjiea loia/icrps, described by Hooper,^ has been pro- . 
posed as a substitute for whale oil in jute “ batching.” 


SALMON OIL 

French —IJuiln de saunion. German — Lachsol. 

Italian- di salmonc. 

This oil is olitained on a very large scale from the salmon {Sahno 
salar, L.) as a by-product in the salmon-preserving industry of British 

^ 'J'lus mii)il)orH termed liy Kaluion, “ Inner iaponitication value. ’’ 

* Joiini. Soc. Cliem. 1893, 937 
® Ann. Rej). Iwimn Museum, Ind. Sect., 1910/11, 0. 
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Columbia. The fish contains about 20 per cent of oil. The oil is pale 
golden yellow, has a mild smell, and a tolerably pleasant taste. 

The sample examined in the author’s laboratory by de Greiff'^ gave 
the numbers recorded in the following table of characteristics 


Physical and Chemical Charad eristics of Salmon Oil 


Specific (liavity 
atl5'5“G 

1 

Sapt)nificat,i(in 

Valu<‘ 

lodiiifl Vdluo 

RcicIh 1 l-Mfissl 
Value, 

Ri'tracLivc Imlox. 
lintyro- 
refiactijiiiotcr. 

0 92.7 So 

182 8 

IGl -12 

0 55 

n; 

25 

“ Oegict'!',” 

78 





1 40 

1 

09 5 


I’oi ( Pllt 

Insoluble acidn t^- Unsa])()niliablo . , . 9r)'()2 

Iodine value of the liciuid fatty auds . . i!)7 1 

Tlio oil IS imported in large (juantities into this coiiiitry, and is used 
ill the leather and soap industries. 


HERRING OIL 

French- -//it de haroig. (Jermaii— //crony^ol, llcrimjstra}). 

Italian— 0/m di aringhe. 

For table of characteristics see p. 122. 

This oil is obtained from tlie several species of h(!rriiig, Ctnpca 
harengus (North Sea), 0. pallasi, C, and V. (Japan). Undoubtedly 
genuine samples of herring oil extracted from fish caught in Hokkaido, 
and prepared on a large scale in the same fasliion as Japanese sardine 
oil (p. 416), were examined by Tsujnnolo} On standing, the Japanese 
herring oils deposited some “ stearine.” 

The exports of herring oil from Norway are given in the following 
table : — 



Hkl. 

Kioiien 

1!)()7 

1,247 

20,700 

190S 

8,003 

127,500 

100!) 

10,501 

298,100 

1910 

20,038 

.501,000 


The bulk of the oil is exported to Cermany, Austria-Hungary, Great 
^ (JJiem 190:1, 22.3. 

“ Tsiijimoto, Journ. Coll. Kug. Tokyo Imp. Univ. vo!. iv. No. i., 1906. 
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Britain, France, Belgium, and nolland. The scrap is worked ‘up for 
manure. 

Tlie Japanese lierring oils yielded on broniinatiiig J-82 per cent and 
6-51 pm* cent respectively of clu])anodouic octohromidc (sec above). 
The unsaponifiable matter in the samples examined by Bull varied 
from 1-3 to lO-T per cent, and the acid values from 1-8 to 10-2, whereas 
the Japanese heriing oils examined by Tsujinioto had the acid values 
2-02-l()-42, and yielded from 0*87 to M per cent of unsaponifiable 
inattei'. 

Herring oil, hke all other fish ods, is largely used in the leather 
industry. Procter and llohncs^ havi; ascertained the changes which 
fresh herring od and “herring refuse oil ” undeigo on blowing with 
air for the numbci- of hours stated in the table, at about 100° C. 


Fresh Uerring Oil 


Blown 

Spocilic Ur.njty. 

Ri'fi.u live Tn4i‘\ 

Iodine V.iluo 

0- 

0 023 

1 J7S0 

] 15 0 

3 

0 924 

1 17S1 

115 0 

6 

0-923 

1-1781 

111-0 

9 ! 

0-926 

1 1700 

135 0 

12 

0 927 

1-170,5 

133 0 

15 

0 930 

1-1800 

132-0 

18 

0 932 

1 1805 

130 0 

1 


Herring llefnse Od 


Blown 

Spocifle Cli.ivity 

IimIcv 

lodiiu- V.ilne 

O' 

0-923 

1 1781 

116 0 

3 

0-921 

1-J781 

113 0 

6 

0 024 

1 4785 

1 12 0 

9 

0 025 

1 1786 

111 0 

12 

0 026 

1-1790 

138 0 

15 

0-027 

1-4705 

136-0 

18 

0-928 

1 1705 

132 0 


A. Lusskui^ stales that the drying juoperty of Ow oil, even after 
boiling witli dryers, is inhu’ior to that of menhaden oil. The following 
characteristics are given for four heirmg oils : — 


llcMriim Oil. 
Wu i. 


J lot I mil Oil. 
No 2 


Horrmi-^nil. , 

ih'I. ' Wlrit.T-pris^(!(l. 1 


Specific gravity at Ifi"" G 
Acid value 
Iodine value . 

Colour 

Odour 


0 0240 
21 
1.47 0 
Very pale 
Good 


0-0210 0 0054 

41 0 i 25 7 

1,40 1 , SO 04 

Dark Orown , Di'ep red 

Bad i Alinobt none 


0-020 

30-4 

136-1 

Extremely pale 
Fair 


1 Jouni Sac. Chem. hid., 100.5, 1287. “ Original oil. 

Eighth liUenuihovat Ooiigr. AppL Cheni., 1912, xii. 15.5. 








Oil. 

1 

German. | 

French. 

Oxidised 
' Acids. 

Insoluble A(ids 
+ Unsaponif1ab]e 




Per cent. 

Per cent. 

Bonito oil (1) . 



0-63 

1 

Bonito oil (2) . 

1 


0 49 


Tunny fish oil . 



0 62 


Mackerel oil . ' 
Stickleback 

Stichlingstran 

Hiiile de trois-epines 

Olio y;,;2 

95 78 ^ 

Akaiei oil . 
Anchovy . 

Anchovistran 

Huile d’anchois 

Oho ■ ; 

Pilcher (Sardcl) 

Sardellenol i Hiiile de pilchard 

Olio 


Mackerel pike , 



0-26 


Saith oil, coal 



94 {) 

fish, })ollock 
Whiting . 

Weisslischol ; 

i 

Huile de cyprin 

' Olio 

Sprat 

Sprottcnol 

Hiiile d'esprot, melet 

' Oho 

95 1 1 

Sturgeon 

(Sprottentran) 

Stortran 

harenguet 

Huile d’csturgeon 

grr 
: Oho 

1 

Hoi « . . 

I Hoi . . . 

Hoiol 

HuUe do hoi 



Eel oil 

! 




Cramp fish 

Zitterrochi'nbl 

Huile de torpille ® 

Oliol 


Sun fish ^ . 

1 Mondfi.sehol 

1 Huile de mole de 

Oho ■ 


Carp . 

Karpfenol 

Mdditerranee 

1 Huile de carpe 

me 

Oho 

1 


^ With regard to tlie liver oils see table facing p. 447 
Zeits. f. Unters. d. Xahnjs- u. Oeniissin., 1906, xii. 341. 


* Notweguui name, m(| 
S(jiniiida', called “ hoe ” r 
Amdyd, 1904, 211 
test, 113' C. Refraction 



XIV 


DAH OIL 


423 


J)A\i OIL 

Fi-rnwh^IlHik (Je limandc. 

Tliis oil is pieparod on the north-easi coast of Iloushiu (coasts of 
Aomoi'i, Iwatc, Miyagi) from a fish (Ja])anes(; name “ Karei ”) vvliich is 
probably a species of Limanda. The oil is reddish yellow in colour 
and deposits stearin on stamimy m the ( old, Tlu' tollowiii^ charactei- 


istics wei'e determined : 

Oil- 

Spccilic gravity at 15° C. . . 0't)2't0 

Saponification value . . 

foclino value (Wij.s) . . ... Iisr»:i 

Acid value . , . . 0 S3 

Refractive index at 20° ( ’ . . I 1718 

Fatty Acids — 

Melting point, ° C. . . . , ,20 

Ether-insoluble brominated acids, per cent . . ISbO 

Oxidised acids, per cent , . , ' . . 0-72 


From the percentage of insolulilc bromides Ts\ijuuo(o ^ calculates 
the mixed fatty acids to contain 5 03 pm’ cent of ( liipanodomc acid. 

Lesser known fish oils, see table oyiposite. 


/T Liver Oils 

The liver oils contain notable amounts ot cholesterol and other 
unsaponiliablc substances. These bodies must be looked upon as the 
cliromogenctic substances prodiK’ing the colour leactions (especially 
when the oils are rancid) which were formerly considered as character- 
istic of liver oils. At present only the sulphuric acid colour test can 
be looked upon as having decisive impoitance ; the blue colouration 
which fresh liver oils in a solution of carbon bisulphide give with cone, 
sulphuric acid is very distinct ; if the oils are rancid a purple, or oven 
dark brown, colouration takes the place of the blue. Expeiiments 
carried out in my laboratory on a numbiu’ of liver oils obtained from 
different fish, as also experiments by Twhoinlroir and Kaiser,^ confirm 
that this colour test is a general reaction for liver oils. The obseivation 
made by the author (Chap. Vll.), viz. that some blubber oils also give 
the blue colouration in the sulphuric acid test, was explained by assum- 
ing an admixture with liver oil. Thomson and Dunloj) have, however, 
recently stated that a seal oil of undoubted purity, as also a genuine 
porpoise oil, showed the blue violet colouration with concentrated 
sulphuric acid. 

^ Joura. (JoU. Kny. Tokyo Imp. Umv., 19US, vol. iv. 177. 

- Chem. Zed. Hep., 1895, 310. 
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The wieiwty of the pliospho-molybdic acid test (Chap. VIL) is 
also cliaracteristic. If the chlorofomiic solution of a liver oil, after 
shaking with the jdiospho-niolyhdic acid reagent, be allowed to stand, 
there is formed a blue ring at the zone of (;ontaet of the two layers, 
no doubt due to the neutralising action of the bases in the oil. In this 
form the pliospho-molybdic test may serve to identify a liver oil. 
Rancid liter oils, however, do not give a distinct colour reaction. 
Whereas the sulphuric acid test, as a rule, indicates liver oil, the pliospho- 
molybdic acid tost must not be looked upon as having the same import- 
ance for discriminative jmrposes. 


COD LIVER OIL 

French — lliiile de foie de morue. (lermaii — Domddeherol, Leherold 
Italian -OHo di feyato di meduzzo. 

For tables of characteristics see pp. 433, 434. 

Genuine cod liver oil is obtained from the liver of the cod, Godus 
morrhua (and of the dorsch, the young of G. morrhua, formerly con- 
sidered a separate species, Gadus mllanas). 

The habitat of the cod is not yet known precisely, yet annually 
at certain times enormous shoals of cod freipient the coast of the 
northern seas, chiefly the coasts of Norway, Scotland (Iceland), the 
east coasts of the United States and of Canada, the (‘oast of Newfound- 
land, as also the west coast of the United States and the coasts of Japan 
and Siberia. The best known and oldest fishing-grounds are those of 
Norway, where the fish makes its appearance at regular seasons. Thus 
in tlie Lofotes the cod apjiears in February, and the fishing season lasts 
from February till April. Then the cod makes its appeal aiice at 
Finmarken in June, but lieie the fish seem to arrive m a still immatuie 
condition, and hence do not yield as much oil as the fish caught off the 
Lofoten coast. Moreover, the cod frccpieiitiiig the Finmuiken coast is 
accompanied by other fish, whose livers natuially become mixed with 
those of the cod. Hence the Finmarken cod liver oil is not considered 
of the same high (piahty as the Lofoten oil. The chief object of the cod- 
fishing industry was, of couise, to “cure” the fish after cleaning it, 
the fivers being thrown away together with the most putrescible parts 
of the fish, which did not permit of cuiing. No doubt the manufacture 
of cod fiver oil was due to the accidental discovery that from the heaped- 
up fivers an oil exuded, which was found to possess medicinal properties. 
Since then the cod fiver oil industry has assumed considerable dimensions, 
as may be gathered from the fact that in 1905, 41,907 hectolitres of 
medicinal oil (and 12,900 hectolitres of cod oil), and in 1906, 42,908 hi. 
of steam cod fiver oil, were produced in Norway. 

The following table shows the variations in the production of cod 

* The German term “ Kabeljaulebeiol” should not be applied to cod livei oil, but 
should bo re.served for haddock liver oil (see table facing p. 447). 
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liver oil in the Lofoten Islands duriiifj; the last twenty-three years. ^ 
Ihe numbers given for Man^h and Aprd inehide the prod notion of the 
previous months : — 


Production of Medicinal Cod Liver Oil in the Lofoten hlands 


-- -- 

“ - 



— - - 

Year 

January-Fobniaiy 

Maidi 

April 


Ilect 

Ilect,. 

Ilect. 

1886 

2990 

9,329 

10,000 

1887 

753 

8,041 

9,500 

1888 

3412 

15,057 

16,100 

1889 

655 

7,933 

12,900 

1890 

2261 

14,340 

16,700 

1891 

420 

13,570 

19,600 

1892 

1970 

6,600 

7,920 

1893 

3178 

15,528 

18,550 

1894 

1993 

8,160 

12,231 

1895 

845 

10,700 

12,300 

1896 

400 

6,210 

8,850 

1897 

2136 

11,000 

18,260 

1898 

600 

6,510 

11,254 

1899 

1934 

11,299 

18,450 

1900 

1301 

7,965 

10,752 

1901 

1592 

12,051 

15, SS 9 

1 902 

63 1 

7,768 

9,628 

1903 


252 

614 

1904 


833 

2,690 

1905 

374 

6,183 

11,193 

1906 

3232 

12,974 

16,952 

1908 




1909 





Kiliiivalont in 
lUirels 


8,620 

8,169 

13,879 

11,120 

14,396 

16,896 

6,828 

15,992 

10,544 

10,604 

7,629 

15,711 

0,702 

15,906 

9,269 

13,697 

8,300 

529 

2,319 

9,909 

14,614 

51.000 

43.000 


In Newfoundland and on tin; coast of Jiubrador the cured fish was 
also the main product, and the liver oil industry has only gradually 
assumed the pro])ortions it ])()ssesses to-da,y. The chief attention 
having been paid to the fish, the cod liver oil industry has lagged 
behind that of Norway as regaids medicinal (‘od liver oil, althougli the 
iKUirness of the fishing-grounds to the rendering estahlishments per- 
mitted, at an early stage of the cod oil industry, the production of 
commercial cod od of a better (piality than could be olitained in this 
country (see below). During the hist few years the cod fish industry 
has assumed enormous dimensions on the Ihicific coast, especially so 
of the United States, and bids fair to surpass in dimensions the great 
industry of the east coast of America. Up to a few years ago San 
Francisco was the greatest cod fish centre of the Pacific coast, the fishing 
vessels, which exploited chiefly the fisliing-groimds near the Shumagin 
Island on the south of Alaska, biinging their cargoes to San Francisco. 
Recently enormous rendering establishments have been erected at 
Anacortesin Puget Sound, and also at Vancouver. (In British Columbia 
hitherto little attention has been paid to the cod industry, as the chief 


Bouafield, (Jhmist and DruggiU, 1907, 207. 
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interest was centred in the catch of salmon and halibut.) All estab- 
lishments in tlio three curing stations named send out fishing flotillas 
to the south of Alaska. At present the manufacture of medicinal cod 
liver oil plays an unimportant part on the west coast of Amej ica, as the 
amount of detailed attention required in the production of the best 
qualities is still wanting. 

Latterly Japan has also entered the lists as a maiuifactiirer of cod 
liver oil, both medicinal and commercial. The enormous fishing- 
grounds in the Okhotsk sea, wlnu-e cod is most plentiful, have been 
leased to the Japanese, and a large production of both medicinal oil, 
as also commercial cod oil, may be expected in the neai- future. 

In order to illustrate liy a few figures the extent of the cod industry, 
and indirectly that of the cod liv’er oil industry, it may be stated that 
the marketed value of the cod products of Canada were estimated at 
3,368,750 dollars in 1912. The exports from Newfoundland in 1912 
were 9,418,000 kilos, of fish. 

The fish is caught either by hook and line or in nets (cod traps). 
The latter method is extensively used where the fish can be drivmi into 
narrow fjords, as eg. in Norway. It is said that the fish caught in net 
is fatter, and yields therefore a larger liver and moie oil, than the fish 
caught by hook and line. The head of the fish is severed from the body, 
the fish split along the abdomen, and the liver thrown out by the 
operator by a rapid jerk. 

In the early years of the manufacture of cod liver oil the liyers were 
heaped up in barrels and allowed to undergo a process of sjiontnneous 
putrefaction, whereby the liver cells burst and the oil exuded. The oil 
so obtained was contaminated with decomposition products of the liver, 
and therefore possessed a rank odour and nauseous taste, with which 
even nowadays popular prejudice associates iiK'dicinal cod liver oil. 
With the increased facilities of intercourse between the cod-lishing 
stations and propm’ly equippi'd rendering establishments, this exceed- 
ingly crude process of manufacture underwent considerable improve- 
ments. The livers were then propeily sorted and washed as rajiidly us 
possible, so as to inhibit the spontaneous decay which sets m on exposure 
of the livers to the air. Moreover, the oil exuding fiom the livers was 
collected m fractions as it were, and thus graded, the oil j'lmning out at 
first, as the best, being kept separate from the oils obtained from the 
livers in a more advanced state of decomposition. 

Thus up to a few years ago the lollowmg three qualities of cod liver 
oil, as obtained by the natural decay of the livers (m the Lofoten 
Islands), were known in commerce: (1) pale cod liver oil, (2) light 
browm oil, (3) brown oil. 

Pale cod liver oil ^ and light brown oil aie used in pharmacy. The 
former is the first product, the light brown oil forming the second 
product, after the disintegration of the livers has proceeded further. 

The brown oil was that obtained from the livers whudi had reached 
a very advanced state of decay, and had actually become putrid. This 

* The pale yellow colour is due, arconliiig to P. Moeller, to a pigment (lipQcliroiiie) 
which IS destrojed by the action of bright bght (“sun-bleached oils 
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oil was recovered by boiling tlie putrid livers with water, skimming of! 
the od, and finally pi-essmg the scrap (see below). 

Lven the following four (pialituis of c.od liver oil, which were differ- 
entiated by P. MoeUcr} viz. (1) raw medicinal (2) pale oil, (3) light 
brown od, (4) hwim od, are no longer recognised in the trade. Besides, 
so little was obtained of the raw nn'dicinal oil, that it did not pay to 
collect it separately. 

Buiing latter years the manufacturing processi's of cod liver oil, 
especially those of medicinal oil, have undergone a complete change, 
chiefly in conseipience of tlu' (ui'ction of propiuly e(|ui])ped establish- 
ments in the Lofotes by l^nglish iiharmacists The demand for pure 
medicinal cod liver oil had already foiced some ])harmacists in this 
country to prepare the medicinal od themselves, by heating absolutely 
fresh livers, taken from fish brought to shore alive, in jacketed vessels 
heated by hot waiter or by steam. Under the action of tlu^ high tem- 
perature the cell membi-aiKvs burst, and the od exuded. The best 
medicinal oil— termed ‘‘steam liver oil ’’—was thus obtained. This 
method waas taken ii]) by cod oil extractors in Hull, Aberdeen, Dundee, 
etc., and finally transhuied to tin* al»ove-mentioned rendering estab- 
lishments in the Lofotes. ’riie, Ix^st nu'dicinal oil is manufactured there 
on the lines sketched for the inanufactuie of “ steam liver od.” The 
livers are woiked u]) imiiK'diately aftei being taken fiom the fish so as 
to avoid exposure to the air, it having been found an invariable experi- 
ence that even exposure for a few hours was a])t to cause deterioration 
in the quality of the od. ’Fins proci'ss, taken as it were from the 
laboratory, was found too cundx'rsome a,nd too shnv, since the extraction 
of the od from the livers riapured several hours. At present, in the 
best equipped establishmoids in N'orway, the fri'sh livens are placed in 
tm-lined vessels, provnh'd with o|)(ui steam coils, almost immediately 
after they have been taken fiom the lish, waslu'd, and sorted -- all livers 
showing stains being discarded. Low pie.ssuie ste.im is then blown into 
the livers, and tin* od exmh's almost imimaliately.^ 

T’he best (|Ualities of ciude medicinal oil aie piepared in this manner. 
Previously, the Norwi'gian medicinal oil was looked iqioii as the best 
brand in the market, no doubt owing to the fact that in former years 
the nearness of the fishing stations to the Huideimg establishment and 
the careful sorting of the livers secured the best od that could be pro- 
duced under the then ruling circumstances. Although the conditions 
favouring the immediate wairkmg iqi of the livers also prevail in New- 
foundland, the details of the manufacturing operations were formerly 
not carried out wuth sufficient care to si'cure an e(|ually good oil. Hence 
the Newfoundland od was consideied as mucli inferior to the best 
Norwegian medicinal oil. At present, liowever, the most modern 
methods of manufacture have been introduced also into Newfoundland. 
Since the Newfoundland manufacturers have adopted the packages 
used by the Norwegian makers and abandoned w'ood, wdiich was always 

^ Moeller, (hd Lirer Oil ami Oheniistn/, London, wliere complete details as 

to tlie old pi Gees, ses oi mamilactunn',^ cud liver oils in Noiw.iy are given. 

2 Miclmelis and Pechstein, Bioclient. Zeds, 11113 (1>3), 3110 
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apt to impart an undesirable flavour to the oil, Newfoundland medicinal 
cod liver oil can no longer be considered as inferior to Norwegian oil. 
It is to be expccDid that the demand for oil of unobjectionable 
taste will entirely do away with antiquated methods, and that the 
manufacture of ‘‘ pale cod liver oil ” and “ light brown oil,” obtained 
from naturayy decayed livers, will die out completely. 

The medicinal oils in the market, ])rcpared by the processes sketched 
above, ai'e of such excel hurce that it would hardly appear necessai y to 
have j'ceourse to moi'e elaborate details, such as the extraction of the 
oil in a vacuum pan,^ or m a current of carbon dioxide. 

The crude medicinal cod liver oil is filtered to free it from liver 
tissue, and bleached by treatment with fuller’s earth, or by exposure, 
in closed glass vessels, to the action of sunlight. Medicinal oil so 
prepared deposits “ stearine ” at a low temperature, and such oil is 
termed “ congealing oil.” Some Pharmacopcjcias, such as the British’ 
Pharmaco})cci a, 'prescribe a “ non-congealing ” oil, i.e. an oil which will 
not set at tfie frcjezing ])oint. Such medicinal oil is obtained by allowing 
the crude medicinal oil to cool down to below C., and filtering it at a 
temperatuie of - 10° C. The “ stearine ” is sold as “ fish stearine ” 
of best ({ualit.y, for soap-making purposes. 

All unsound livers, and those which have been exposed for a shorter 
or longer tune to the atmosphere, would then be woi ked up solely for 
” brown oil.” This brown oil, if prepared exclusively from cod livers — 
the ” cod oil ” of commerce—is of course a gmiuine cod liver oil. 
Before steamers were introduced into tin cod-fishmg industry off the 
coast of Great Britain, the lishing-boats remained sometimes for a week 
on the flshing-grounds, and the lisli could not be brought to shore alive. 
The livers were collected, and thus they were landed in a more or less 
putrid state. The gases which collected in the barrels, m consequence 
of the high state of putrefaction, sometimes exerted so high a pressure 
that the ends of the liariels — as the author has witnessed himself -were 
driven out. The fresher the state of the liveis, the better the oil. Bor 
this reason ” Newfoundland cod oil,” in (mnseipience of the nearness of 
the fishing station to the rendering establishment, was^the best class 
of commercial cod oil. Next to this came the “ Norwegian cod oil,” 
which commanded a higher ])rice than the English cod oil. The author 
proved on a large scale that the pnderence given to the Noi wegian fish 
oil was solely due to the greater freshness of the livers fiom wlmdi the oil 
was prepariul. The Bnglisli oil, having undergone oxidation, required 
a special process of purification in order to bring it into line with the 
Newfoundland quality. In consequence of the displacement of sailing 
craft by steamers, and more recently by motor boats, the livers are now 
brought to shore,- even in this country, m a much fresher state than 
formerly ; hence the ({uality of cod oil manufactured in this country 
has greatly improved during the last few years. 

In the manufacture of cod oil, the livers are boiled out with water, 

^ Harrison, Wild, Robli, Knglish patent 25,683, 1904. 

^ Hunce tlie patented applianccH (Jolin.son, English patent 26,728, 1902) for render- 
ing on board trawler.s would appear supertluons- at present. 
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and the oil which rises to the top is skimmed off. The scrap (“ foots 
is pressed in hydraulic presses to yield a further rpiantity of oil which is 
of much inferior quality. The expressed “ scrap ” is then worked up 
into “ fish manure.” 

The crude cod oil, termed “ unraeked ” cod oil, contains a consider- 
able quantity of “ stearine,” which se])arates out on cooling. This 
“ stearine ” is recovered either by filtering, or by merely drawing it 
off from the liottom of the tanks, in winch the crude cod oil has been 
allowed to stand for some time, exposed to cold. The “ stearine ” so 
obtained is sold for soap-making purposes, as a lower kind of “fish 
stearine ” than that obtained from good medicinal oil, or as “ fish 
tallow ” for currying. 

The commercial “ Coast cod oil ” is a liver oil obtained from other 
fish besides cod, such as hake (Mcthwcuis nih/aris), haddock (Merlucci^is 
a^gkfinus), ling {Moira vulgaris), coal lish {(hidus molaugus, s. carhoua- 
nus, Virens), in fact any lish that is caught in the ii(3ts of th(^ trawlers 
in the open sea. The livers fiom these lish aie collected in bari'cls, and 
usually reach the works of the cod oil extractor in a more or less putrid 
state, depending on th(‘ time that has elajised since the fish has been 
caught. 

The following table, due to Thomson and Duidop} sliows tlie com- 
jiarativc characteristu’s of oils ])re]iar<'d by these investigators from 
fresh livers, for the authenticity of w'tm'li thiyv vouch 



Spec) tic 

l-'atlv 

S.uioni- 

1 n- 

Todinc 

1 Oiitvio- 

Ucichert- 


Or.uilj 

i(H. 

lii .it lull 

Miliom- 

V<ilu(“ 

, ICll.l 

0.- 

Mois^l 


at I.')' (' 

Pet 

(cnt 

Viiliic 

1 li.ihic 

1 


inctci 

1 

V.'diic. 

Cod (West Const) , 

•9248 

0 20 

18 00 

1 00 

1.73 7 

7.7 7 

00 7 


Cod (unknown) 

•9217 

0 19 

18.71 

1 02 

1.70.7 

' 70-0 



(tod (hhist Coast) . 

92(;:{ 

1-20 

18 79 

1 04 

107 3 

. 78 0 

09 0 

0.4 

Ling . 

9240 

0 34 

18 72 

1 00 

If) 1-8 

^ 7.7-0 



Hake 

92r)() 

1 0.7 

19 07 

1 38 

1.74 0 

’ 70 0 



C'oal fish 

9201 ' 

0 27 

18 72 

1 If 

lOM 

77 0 


- 1 

Whiting 

9290 

OOo ! 

18 79 

. 1 00 

184 2 

81-0 

72 0 

’ 

Haddock 

•9290 

2 37 ; 

18 72 

, 1 30 i 

180 4 

81 0 

72 0 


Skate 

9298 i 

0 33 : 

18 79 

i 1-08 ’ 

mi 1 

82-5 

73-5 


Dogtlsh . 

9179 1 

'JVace 

10 97 

8-40 j 

120 4 

' 71 2 , 

G2-.7 ! 


Porpoise (blubber) . 

i -9352 

0 10 , 

2.7 00 

1 0 07 

88 3 

1 54 8 

4C-3 

1 8i'4 

The colour of pure medicinal oil is jiale yellow or light ye 

How. 

The 


best qualities have only a slight lishy odour, and a not unpleasant taste. 
The lower (pialities of cod liver oil, such as represented by cod oil, 
vary in colour from dark yiillow down to almost black. The oil 
expressed from the “ foots ” is generally of a black colour, and has a 
rank, fishy odour. 

According to the temperatiiie at which the oil is recovered it contains 
varying quantities of “ stearimu” On standing at the ordmai'y tem- 
perature the bulk of the “ stearine ” settles out. Cod liver oils freed 

^ A paper read befoie the Association of Public Aiuily.sts of Scotland, June 190.^), fn 
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from “ at(^arine ” are known as non-congealing (non-freezing) or 
“ racked ’’ oils (cp. “ Demargarinated Oils,” Chap. XV.). Therefore the 
solidifying points of commercial samples vary considerably. 

The chemical composition of the cod liver oil glyceVides appears 
to be very complicated. Since palmitic and stearic acids have been 
isolated, the occurrence of palmitin and stearin must be accepted as 
proven. The “ stearine ” separating from cod liver oil on cooling 
contains, however, but little true “ stearine,” i.e. glycerides of stearic 
and palmitic acids. Samples of cod liver oil stearine examined in my 
laboratory had iodine values ranging from 94 to 102. Heyerdahl 
(evidently in a less carefully prepared specimen) found 113-4. On a 
large scale the author obtained from a cod oil having the iodiiu; value 
170-6 a softish “stearine” of the iodine value 116 7, whereas th 
liquid portion had the iodine value 178-0. By pressing the “ stearine ” 
a hard cake was obtained of the melting point 37-8° 0., and of the 
iodine value 102-4. 

Small quantities of glycerides of the lower saturated fatty acids, 
such as the glycerides of acetic, liiityric, vahu’ic, and capric acids, have 
been stated by various authors to occur m cod liver oil. The volatile 
fatty acids are, howcviu', secondary products due to the putrefaction 
of livers, which in the older processes of manufact ure always occurred 
to some extent. The best medicinal liviu* oils jirepared by steam are 
free from volatile .acids (see Ix'low), 

The nature of the liquid fattv acids in cod liver oil is but imperfectly 
understood as yet; their high iodine valu(‘. points to the presence of 
larger proportions of less saturated acids than those belonging to the 
oleic series. Fahriou} examining the liquid fatty acids from a cod 
liver oil, absorbing 175 5 per cent of iodine, could not identify jecoric 
acid with certainty. Fa/irion assumes the presence of an acid, 
termed “ asellic acid ” (see Chaj). III.), lie could not detect physetoleic 
acid (iodine valuer KK)), stated hy some writers to form the chief 
constituent of cod liver oil. Jfeyertlahr' concliKhal that the mixed 
fatty acids of cod livei- oil, fri'ed from its “ steal me,” (‘ontained, amongst 
other hitherto not identilied acids, aliout 4 per cent of palmitic acid, 
20 per cent of jecoleic acid (Chap. 111.), and 2t) ])er (-mit of therapic acid 
(Chap. III.). The presence of jecoleic a(*id is inferred from the existence 
of dihydroxyjecoleic acid (prepared by the oxidation of the mixed 
fatty acids with potassium permanganate), and that of therapic acid 
from the octobromide f u^lLj^dbyO.^ obtained on broimnatmg the lupiid 
fatty acids. No oleic acid was found in cod liver oil ; the stearine,” 
no doubt, contains some unknown imsatuiated acid or acids. In the 
fresh state cod liver oil is free from hydioxylated acids. 

An approximately accurate method for the resolution of the liquid 
cod liver oil fatty acids consists, according to Bidl,^ in the fractional 
separation of their alkali salts. Cod liver oil is saponified with double 
normaf anhydrous alcoholic potash, and the potassium salts obtained 

* Jouiii Sh' (Jhem. /)l<L, LSDIl, 935. 

“ Cod Lii'f'i Oil and C/iionisIry, p. Ixx.Mx. 

3 Chem. /aL, 99t). 
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on concentrating the solution are carefully pressed after cooling. The 
pressed cake is recrystallised from alcohol and pressed again, and 
the united motlier liquors are ('oneentrated, cooled, and pressed, these 
operations being repeated until a solid potassium salt is no longer 
obtained. The mother liquors are converted into the sodium salts by 
isolating the free fatty acids and neutralising them witli anliydrous 
alcoholic soda. The sodium sails are purified in exactly the same 
manner as described for the potassium salts. The free fatty acids are 
recovered from the solid salts thus ol^mned, by dissolving the soaps in 
water in a ciirreait of steam, and gi7^|||^ allowing hydrochloric, acid 
to run on to them, until the solution^g|||Lstinctly acid. From the 
alcoholic mother lujuors the alcohol is con^i^ly removed by distilling 
in vacuo. The residue is then thoroughly eS|j^sted with dry ether. 
Thus the sodium saJts of the most unsaturated as also cholesterol, 
are dissolved. The soaps are i (‘covered from the ethereal solution by 
washing with water. The ether-insoluble soajis are dissolvcal in absolute 
alcohol ; by allowing to crystallise, a small amount of a sodium salt 
may be recovered from the reniammg alcoholic mother lupior. The 
alcohol is finally removed by evaporation and the fatty acids are 
li berated. Thus the following four groups of fatty acids were obtained : — 

A. K;itty acids, tiu' potassium .salts of wliiidi crystallisi'. from alcohol. 

IL tatty a(;id.s, the .sodium salts of which crystallise from alcohol. 

('. i^'att y acids, tlu’: sodium .s.dts of whi(*h arc readily soluble in ether. 

1). The remaining fatty acids. 

From 1000 grins, of cod liver oil BuU obtained the following quan- 
tities ol acids . — 


F.atty AciiK 

Weight 

Ncnlialisaliori 

Value 

Iodine Value. 

A. 

:i:l1 grins. 

191*'2 

67 

11. 

O / i> j « 

190 

]:{.9 6 

C. 

120 ,, 

167 

822 J 

D. 

69 ,, 

169 

.317 


For the conclusions which HuR draws fioni his experiments, and 
for tlie analytical methods he recommends (all of which stand greatly 
in need of (’ontirmation ^), the reader must be referred to the original 
paper. 

On brominating cod liver oil, llehier and Mitchell obtained 56*23 
per cent of brominated gly(3eri(h!S, to which they ascribed the hypothe- 
tical formula, ftH^(0|gIi.2902Bi’pt((/(gl Walker 
and Wa-rburion/\n the author’s laboratory, found only 33*7-35*3 per 
cent of brominated glyCendcs. From a commercial cod oil, Hehner 


^ Jakihuch d. Chem., 1900 (\.), 1186." 
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an^ Mitchell obtained 35*5 per cent of brominated glycerides, Weilher 
and Warhurlon 30-6-32*7 per cent. The mixed fatty acids of a cod 
liver oil^ elded to Hehner and Mitchell 18 per ceht of a bromide con- 
taining L.-Ol per cent of bromine (theory requiring for a hexabromo 
compound 63-31 per cent of bromine). Walker and Warhurton, again, 
obtained from a genuine cod liver oil, which gave 33-7-35-3 per cent of 
brominated glycerides, 29-8-30-4 per cent of brominated fatty acids. 
The proportion of bromo compounds no doubt depends on the state of 
freshness of the sample under examination. This is indeed brought 
out by the results of some later analyses made by Bidl and Johaniiesen} 
who obtained in ten commercial cod liver oils 27-08-34-92 per cent 
of ether-insoluble brominated acids. Tolman- also found the yield 
of insoluble bromides for a Norwegian cod liver oil 46-6 per cent, and 
for an American cod liver oil 34 per cent. 

The foregoing' notes would appear to show that fatty acids of the 
series C„n2n-60.2 may be present in cod liver oil. An acid or acids (if 
any) having this composition must, however, differ from linolenic acid, 
since the isolated bromo compounds of the fatty acids do not melt, 
like linolenic hexabromide, at about 175'’ 0., but remain apparently 
unchanged until a temperature of 200° 0. is reached, when they are 
converted into a black mass, without, however, melting to a clear liquid. 
The difference between the unsaturated acid (or arids) of cod liver oil 
and tlio unsaturated acids of the vegetable drying oils is further ex- 
emplified by the fact that cod liver oil does not dry to a skin like the 
vegetable drying oils. 

The following table gives a comparison of the yield of insoluble 
bromides from fatty acids : — 




Solid Adds 

Insoluble Bromides. 



Per ((Mit 

Pei cent. 

God 


5-70 

4(1 G 

God 


i5r>r) 

34 0 

Pollock . 


I.") 99 

42 7 

Hake 


13 58 

30-3 


- 

14 42 

302 

Dogfish . 


18 ,52 

37-^ 

Trout liver 


7 01 

35 1 

8eal 


9 90 

! 19 5 


From the latest resean-hes of Tsujimoto we must conclude that 
acids of the formula C,tll 2 ,i_y 02 which yield octobromides on treating 
with bromine occur also in cod liver oil. Heyerdahl appears to have 
been the first to prove the presence of an octobromide, but it should be 
pointed out that tlie formula of the “ therapic acid ” differs from that 
of Tfiujimoto's clupanodonic acid, the occurrence of which has been 
proved so far in fish and whale oils. 

^ Chem. Zeit. 1909,74. The obseivations were inailo by Dr. Pickles in the Imperial 
Institute. 

^ Juu/ii. Ind. Eng. CHcm., 1909, 340. 



Physical and Chemical Characteristics of Cod Lirer Oil (chiefly medicinal od) 


XIT 


COD LIVER OIL 


433 




434 


GLYCERII)I^:S — MARINE ANIMAL OILS 


CHAP. 




XIV 


COD LIVER OIL* 


435 


Bull ^ examined the methylesters of cod liver oil fatty acids (cp. 
Chap. XII.), obtained by treating cod liver oil with sodium methylate. 
By subjecting the esters to fractional distillation in vacuo • at 10 mm. 
pressure, three main fractions were obtained, boiling at 186° C,, 
206° C., and 224° C. respectively. In the following table the main 
results of this investigation are summarised : — 


Fraction boilinp from 
161-5 to 165° C. 

185 „ 186° a 

200 „ 206° C. 

223 „ 225° a 

239 „ 240° C. 


Contains 
Myristic acid 

Palmitic acid, palmitolcic acid ^ 
Stearic acid, oleic acid 
Gadoleio acid ^ 

Erucic acid 


Although Bull distinctly mentions that acids occur in cod liver oil 
having very high iodine values, he appears to have overlooked those 
fatty acids which occur in considerable quantity in cod liver oil,^ and 
yield highly brominated acids. Hence Bull's statement that HeyerdaMs 
jecoleic acid does not exist, and that the latter’s dihydroxyjecoleic 
acid is possibly a eutectic mixture of dihydroxystearic acid and di- 
hydroxygadoleic ai'id, must also be accepted with reserve. 

The o(;currenco of morrhuic acid 0 <)lli 3 N 03 (differing from tyrosine 
, by II 2 ) in cod liver oil requires confirmation. 

On reducing cod liver oil with hydrogen in the presence of colloidal 
palladium 111 the cold, Paul and Both ^ obtained a solid fat softening 
at 43° C. and lupiefying at 45° 0. The iodine value of the reduced 
glyceride was 3, where.aa the original oil absorbed 135-8 per cent of 
iodine (cp. Vol. 1. Chap. L). 

A characteristic constituent of cod liver oil is cholesterol. This 
is isolated by preparing the unsaponifiablo matter in the usual manner 
and recrystallising it from alcohol, when the characteristic cholesterol 
crystals arc deposited. Salkowski ^ gives as the average quantity of 
cholesterol obtainable from medicinal cod liver oils 0-3 per cent. The 
laevo-rotation of the plane of polarised light exercised by cod liver oil 
is undoubtedly due to the presence of the cholesterol. Dunlop and 
Thomson found the specific rotatory power of several cod liver oils 
[a]j--0-26°. 

The somewhat considerable amount of cholesterol, which was ♦ 
found in the oils manufactured two or three decades ago, has led to 
the assumption that the slight optical activity which some high boiling 
mineral oils from petroleum exhibit (see Vol. III. Chap. XV.), was due 
to the content of cholesterol in those fish and liver oils, which are 
assumed to be the mother substances of the natural petroleums.'^ 

Besides cholesterol, the unsaponifiable matter of cod liver oil 

^ Berichle, 1906, 3570 

“ Bull did not najiie tins acid ; I suggest for it the name “palmitoleic acid.” 

Cp. Vol. 1. Chap in. 

•* Cp. Vol. 1. p 

® Berichle, 1908, 2283. 

^ Zeilschr.f. analyt. Chem. 26, 565. 

’ See Lewkowitsch, Jahrhuch d. Chem., 1907 (xvii.), 417. 
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contains “ lipochromes ” to which the colour reactions, which have 
formerly played so important a part in the examination and identi- 
fication of cod liver oil (see below), are due. Gautier and Moiirgues 
state that they have isolated from the unsaponifiable matter a substance 
similar to lecithin, inasmuch as it yielded phosphoric acid, glycerol, and 
a fatty acid, termed by them morrliuic acid (see above) ; it has been 
pointed out already that the existence of this acid is very doubtful. 

The lecithins derived from fats contained in the animal organisms 
are characterised by the facility witli which they are oxidised. In 
this respect they would seem to be analogous to the liver oils. It is 
worthy of note that these easily oxidised substances are synthesised 
in those organisms of the body which aie the centre of the greatest 
metabolic activity. 

In the older literatoe on this subject there are recorded many 
statements as to the occurrence of bases which were, of course, found 
in the unsaponifiable matter. Undoubtedly most of these bases are 
secondary products, due to the decomposition tlie livers underwent 
whilst the oil exuded from them spontaneously. Thus, Heijerdahl 
found in raw medicinal oil, i e. tirst oil whicli exuded spontaneously 
from livers by natural decay, small (piantities of ptomaines ; and 
Gautier and Moiirgues ^ befoie him found organic bases in “ light 
brown ” cod liver oil to the extent of from 0-035 to 0-()5() per cent. ^ 
They isolated the following ba.ses . • 

(a) Volatile : butylamine, isoamylamiiu', licxylaminc, dihydro- 
lutidine. 

(h) Non-volatile : morrhuine Cj(,Ilj,7N3, asellmc (^,1132^4. 

Recently Philip B. llau'kN- isolati'd from ‘Might amber,” “light 
brown,” and “dark brown” oils O-lOO, 0 - 117 , and TOO jier cent re- 
spectively of “ leucomames,” by the method of Gautier and Mourgiies. 
By fractional distillation butylamine, amvlamine, hexylamine, and 
dihydrolutidme were separated. In the non-volatile portion mor- 
,i;huine was identified, but not the asellme, desciibed by Gautier and 
Mourgues. ^ 

Heyerdahl has isolated trimcthylamine by means of its platino- 
chloride. This base, however, like those mentioned above, must be 
considered as a product of decomposition of the cellular tissue of the 
livers. Biliary colouring matters, stated to occur by earlier observers, 
are absent. According to Salkowski the colouring principle in cod liver 
oil belongs to the class of lipochromes. 

To most of these bases in turn have been ascribed the medicinal 
properties of cod liver oil, but there seems to be no doubt that all these 
bases are secondary products derived from the decayed cellular matter 
of the livers. The best medicinal cod liver oils, i.e. tliose oils which 
have been prepared from fresh livers by steaming, do not contain 
these bases (wliich impart the nauseous taste to the oils obtained by 

1 Compt, rend., 1888 (107), 254 ; 626 ; 740.' 

^ 1‘iocmi. Amer. Physiol. iSoc., 1907-8, xxii. ; Amer. Jourti. of Physiol,, 1908 
(x.xi.), No. 11. 
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the natural decay of livers). Even the amount of lipochromes and 
other unknown substances, such as biliary colouring matters, the 
presence of which is indicated by the characteristic violet colour re- 
action of liver oils (see p. 441 below), has decreased considerably with 
the improvements in the production of this oil. . feed, the author 
is of the opinion, derived from the examination of a very large number 
of medicinal oils of various origins, that the fainter is the blue colour 
reaction with concentrated sulphuric acid, the better is the taste of the 
oil, for the colour reaction is merely indicative of imjiurities which can 
be kept out of a properly manufac,tured article. It therefore follows 
that the statement, still occuiiing in the pharmaceutical literature, 
that a strong colour reaction indicates biliary substances (which were 
said to constitute the therapeutical elTcct of cod liver oil) is valueless. 
The same strictures apply to statements as to the occurrence of albu- 
minoid substances, some of which were credited with the power of 
comliining chemically with iron, manganese, calcium, magnesium, 
and sodium. 

By some writers the fhcmjxnihc rahui of cod liver oil was ascribed 
to the small Jimount of iodine it contained (thendore cod liver oils are 
met with to which iodine or potassium iodide has been added 
fraudulently). The following amounts of iodine have been recorded : — 


P)opor(ion of Iodine in Cod Liven Oil 


Dc^criptiou of Oil. 

lodiiio. 

Olisoi vor 


Fci ci'iit. 


Pale 

0 020 

11 (Ires 

Yellow . 

o-0;n 

Stanford 


0-OOPi8-0-00134 


0-0002 

Iliycrdalil 


In the opinion ot the author the medicinal effect of cod liver oil, 
however, must rather be looked for in the facility with which it is 
hydrolysed or digested, and it cannot be doubted that this property 
is caused by the peculiar constitution of its unsaturated fatty acids. 
From the medicinal point of view, the best cod liver oil is that which 
has been prepared fioni fresh livers and kept protected from the action 
of light and air. 

, Possibly the therapeutical value lies in that this oil supplies those 
highly unsaturated acids (cliipanodonic) which have boon shown to 
occur in the phosphatides of the heart muscles and the liver (Vol. I. 
p. 40), so that the explanation would bo obvious, viz. that the weak 
organism, unable to produce for itself the unsaturated fatty acids, has 
them supplied artificially by the liver oil. 

Heyerdahl has studied the influence which the length of time during 
which the livers are heated has on the proportion of free fatty acids 
in the oil produced. lie found, contrary to expectation, that the 
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percentage of free fatty acids decreased slightly but perceptibly as the 
time of heating was increased (from 20 to 80 minutes) and the tempera- 
ture was allowed to rise (from 62° to 85° C.). This result may be 
ascribed to the volatihsation of free volatile acids at the higher tem- 
perature, or to the fact that the first portions of the extracted oil were 
richer in fatty acids, or to both causes conjointly, or to the fact that 
enzymes causing hydrolysis (see “ Lard ”) were destroyed by heating. 
Experiments, in which measured volumes of air were driven through 
samples of oil heated in the water-bath, proved that the free fatty acids 
decreased up to a certain point, and then slowly rose to, or beyond, the 
original percentage. The proportions of free fatty acids never exceeded 
0‘69 per cent, calculated as oleic acid. 

The oil obtained by passing steam directly into the livers is practi- 
cally devoid of volatile fatty acids ; their occurrence in commercial oils 
must therefore be due to some secondary process. This statement has 
been corroborated by the examination of liver oils from other species of 
fish {Heyerdahl), 

In the examination of Medicinal Cod Liver Oil the organoleptic 
methods must be applied in the first instance. A good medicinal oil 
should be of pale colour, and should have a mild fishy taste, and possess 
only a slight fishy odour. The taste alone is able to indicate whether 
the amount of free fatty acids is too high, and whether any decom- 
position products of the liver tissue have passed into the oil. 

The chemical tests which furnish the most important indications 
for the valuation of medicinal cod liver oil comprise the acid value, the 
iodine value, and the Reichert value (Reichert-Meisd value). 

The proportion oi free fatty acids should bo as small as ]) 0 ssible. No 
definite limit can be laid down, but a comparison with the numbers 
recorded in the following table will afford tlie necessary guidance : — 


Free Fatty Jcuh in Cod Liver Oils, adcidated as Oleic Acid 


noscrii)(io7i of Oil 

Colour. 

Fioo Fatty 
Aeids. 

Observer. 



IVr cont. 


Raw medicinal oil 

Pale 

3'79 

Heyerdahl 

n . . 

Somewhat 

darker 

3-87 

Medicinal oil . 

Darkest 

3*96 

Thomson and 
Ballantyiic 

Yellow 

0-3C 

Medicinal oils . 


0-34-0-60 

Parry and Sage 

M jj • • • 


0-12-0-48 

Levvkowitsch 

M M • • • 


0’43-r01 

Parry 


It may therefore suffice to state that the best steam cod liv^r oils 
contain from 0-3 to 1 -5 per cent of free fatty acids (calculated to oleic 
acid), whereas medicinal oil prepared by older processes exceeds this 
number, and may reach as much as 3 or even more per cent. 
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The Reichert value should be low. Good medicinal oils show Reichert 
numbers lying below 0-5. A higher number, especially one exceeding 
1-0, would indicate that the livers employed for the extraction of Iho 
oil have not been perfectly fresh ; such oil would also betray its high 
amount of volatile acids by an inferior taste. 

The higher the iodine value, tlie less oxidation can have taken place, 
and if the medicinal properties be valued by the amount of unsatiirated 
fatty acids, then, cceteris farihus, the higher the iodine value the better 
the oil. It will be gathered from the table of characteristics that the 
author found (in a cod liver oil used for feeding calves) the high number 
198-1. The mean iodine value of a good medicinal non-congealing 
oil may be taken as 167. Since, however, the magnitude of the iodine 
value depends on the extent to which the “ stearine ” has been removed, 
it would not be permissible, without further examination, to declare 
samples having lower iodine values as adulterated. 

The amount of unsafonifwhle matter should not as a rule exceed 
1-5 per cent (cp. tabhi below). Larger amounts would point (in the 
absence of mineral oils) to admixture with other liver oils such as shark 
liver oil, which contains notable proportions of spermaceti, or of liver 
oil from Merlmgus (sej liver oil, saith oil), which has been frequently 
substituted for cod liver oil. 

Inferior cod liver oils which have a higher pro])ortion of unsa])oni- 
fiable matter should be rejected as indicating badly prepared oil. 
Thus Japanese cod liver oil, wdiich has not yet been prepared according 
to the best methods, contains amounts of unsaponifialilo matter exceed- 
ing 2 per cent. 

A comparison of the amounts of unsaponifiable matter contained 
in best cod liver oils with those found in oils of low quality is alfordcd 
by the following table : — 


U'tmpomfmhk Matter m Coil Lirer th/.s 


Doscnplioii of Oil, 

(.’oloin 

UusajKjni- 

li.ibli) 

Observer 



Tor cent 


Medicinal cod livor oil 

Reddish yellow 

0 7)4 

Fall! ion 

M M • • 

Yellow 

1-08 


M >1 • • 

Pale yellow 

1*44 

Thomson and 

M n 

Yellow 

0*67 




Ballantyno 

Steam cod livor oil, medicinal . 

Pale yidlow 

0*01 

Fahrion ^ 

Almost colour- 

0*04 



less 



,, 

I’alc yellow 
Pale yellow 

0*98 

0-0-1-08 

Lewkowitbch 

,, ,, of rank odour 

2-4-4 *0 : 

Parry 

^ ,, Japancso^ 

1 

2-3-2 8 1 

Bull 


’ Joiirn, l^oc. (VieiH. huL, 189!^, 007. 

“ Mnmi {JoK'i'n Soc. (Vinii. Ind , 11103, LiS?) records 7*18 per cent of unsaponitiable 
matter lor au oil ol the Hapomticatioii \alue 180*7 (!) 
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The following table shows the proportions of unsaponifiable matter 
found in some liver oils other than cod liver : — 


Liver Oils. 

Unsaponifiable. 

Observer. 



Per cent. 


Shark liver oil . 

Yellow, steamed 

5*27 

Falirion 

,, 

Red 

4-14 


\ ellow 

1-24 


,, 

Yellow i.sh-red 

0 93 


,, 

Japanese 

2-82 

Allen 


Cl ude 

8-70 



Itelined 

Pale yidlow, fioiii ) 
Sajiiiniis homiliHj 

0 70 

10 25 

17 30 

10 31 

Lew kuwitseli 


10 20 . 

Coal dish ]i\er oil | 

.Japanese .shark 

14 1 21 .5 

Pull 

6 52 

-Mann 

Tunny fisli ,, ,, i 


i-0-1 8 

Palii ion 

Ling H „ 


2 23 

Pull 

Haddock „ „ 


1-1 

Lew kuwitseli 

Saith ,, ,, 

(coaldibli) 1 


1 8 



Adulteration with mineral oils is j’oadily ascertained by the deter- 
mination of the saponification value and of the unsaponifiable matter, 
and by the examination of the latter. Vi'.getable oils are best detected 
by the phytosteryl acetate test, as the iodine value obviously does 
not furnish decisive results, although it may give the first indications, 
if adulteration with oils having iodine values of less than 120 has 
taken place. ^ Confirmation of the presence of vegetable oils other 
than linseed oil - may also be obtained by the bromide test. In this 
connection it should he noted that cod liver oil substitutes arc now 
being sold consisting of a mixture of genuine cod liver oil and iodised 
sesame oil (Vol. ITT. Chap. XV. “ Todipin ”). Such artificial cod liver 
oils will yield much less ether-insoluble bromide than a genuine oil does. 

The detection of other liver oils m cod liver oil constitutes, in the 
present state of our knowledge, a very difficult problem. The deter- 
mination of the unsaponifiable matter would appear to afford some 
guidance as to adulteration with other liver oils. 

As a rule, other liver oils in commercial cod liver oil can be detected 
by the taste alone. Thus the ordinary pollock or coal-fish liver oil 
(saith oil, sej liver oil) has so unjileasant a taste that it cannot bo 
admixed with cod liver oil without injuriously affecting the taste of 
the latter. ITut it should be noted that in the year 1903, when the 
prices of cod liver oil were exceptionally high, the liver oil of the pollock 
or coal-fish (saith oil) was actually prepared by the steam process, 

^ A c-od liver oil .substitute is soM midei the name of Fucol ” ; it is prepared by 
digesting marine alg;e with a vegetable oil [Zcdsvhr. f, antjeic. Vhem., 1904, 397). English 
patent 2081, 1904, 

Tollncr, United States patent 765, 943, 
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and such (hi was largely added on the Continent to medicinal cod liver 
oils. *It is within the author’s experience that such steam extracted 
“ saith oil ” was offered even in this country as cod liver oil. 

The bromide test also would lead to useful results, since the examina- 
tion of shark liver oil in the author’s laboratory has shown that the 
fatty acids yiiilded from 12-7 per cent to 15 per cent of ether-insoluble 
bromide only, as against 30 per cent in the ca.se of genuine cod liver oil. 

Shark liver oil, if present in considerable (|uantities, may also be 
detected by the isolation of cetyl alcohol, since shark liver oil contains 
varying proportions of spermaceti (cp. p. 410). 

Of lish oils whi(;h may be used for the adulteration of cod liver oil 
the only oil that can be considered here, in the pre.sent state of the fish 
oil industry, is salmon oil, as all others, such as menhaden oil, herring 
oil, and sardine oils, are of too dark a colour and have too unpleasant a 
taste ; but even salmon oil would betray its presence by a dark colour 
and inhu'ior taste. Of the blubber oils only the best (pialitics of seal 
oil and whale oil could be u.sed for adulteration. Tluur presence, if 
their quantities are not very large, would not be indicated with any 
degree of certainty by the iodine absorption and the bromide tests. 
In case adulteration with seal oil or whale oil be suspected, and the 
chemical tests fail to furnish a deci.sive answer, the taste must be 
consideied as one of the nu^st important adjuncts in the detection of 
the adulterant or adulterants. 

Since the detection of lish and blubber oils in cod liver oil is not 
always possible by means of the (piantitative reactions, a number of 
colour (ests have been recommended. 1 have exainimnl the tests pro- 
posed l)y Krcmel, Meyer, Roessler, and Unger} but as I have found 
tbem usidess, they aie not de.scribed here. The colour test, however, 
described on p. 112, allows to differentiate fish and blubber oils from 
liver oils. 

Notwithstanding the observations made by Thomson and Dunlop, 
and recorded above (p. 123 ), 1 would still rcc.ommend the sulphuric 
acid test as a reliable and rapid means of discriminating cod liver oil 
(and mdiHal all other lish liver oils) from fish oil (body oil) and blubber 
oils. It would, of course, not be ])ermissible to judge by the dejith of 
the blue-violet tint obtained with a sample of oil, as to whether adultera- 
tion with lish or blubber oil had taken place. 

The British Pharmacopoeia gives the sulphuric acid test as a reaction 
for the identity of cod liver oil. It has already been pointed out that 
this test indicates only impurities which are due to lipochromes and 
colouring matters that have passed from the cellular tissue of the liver 
into the oil, and further that with the improvement in the manufacturing 
processes the quantity of these by-products has decreased, so that during 
latter years the better class oils showed the sulphuric acid colour 
reaction much more faintly than the liver oils prepared by the old 

’ Set' second edition of this work. j». 48(). (Jp, also Wiebehl?, Phnnu Zed,, 1903, 
363. Unger’s te.st actually mdicated impurities duo to decayed livers, which arc at 
present carefully excluded. 
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processes This is shown by the fact that a fresh cod liver oil which 
had a very slight taste and gave a very strong blue colour with sulphuric 
acid showed after standing three years a dark brown colouration with 
sulphuric acid, and had a very rancid taste, although the colour of the 
oil was unchanged. This seems to show that with age and the setting 
in of rancidity the chromogenic substance giving a blue colour is 
destroyed. Indeed, the strongest colour reaction is given by shark 
liver oil, in the preparation of which little care is taken to prevent 
decay or putrefaction. A manufacturer should therefore endeavour to 
produce a cod liver oil which does not show the sulphuric acid test at 
all, or only very faintly. 

The British Pharmacopeia prescribes the sulphuric acid test to be 
applied to the oil itself. The form in which this test is prescribed 
by the German Pharmacopeia is much ])referable Dissolve one drop 
of oil in twenty drops of carbon bisulphide and add one drop of con- 
centrated sulphuric acid, when a beautiful violet-blue colour appears at 
once, changing afterwards into red and brown. This tost, however, 
cannot serve as an identity reaction, since other liver oils give the same 
violet-hlue colour. God liver oils (as also other liver oils) which have 
become rancid, do not show the violet-blue, but give at once the red 
colouration ; oxidised cod liver oil gives a brown colour only. Thus 
an excellent cod liver oil which shortly after having been manufactured 
showed a bright violet-blue colouration in the sulphuric ac’id test, gave 
a dark brown colour in the same test a year later, although it had been 
kept protected from light and air. 

The U filled Stales Pharmacopeia prescribes carbon tetrachloride in 
place of carbon bisulphide. 

The detection of fish and blubber oils that have been fraudulently 
admixed in smaller or larger quantities with cod liver oil is, in the 
present state of our knowledge, still an unsolved problem. Seal and 
whale oils yield much smaller proportions of ether-insoluble bromides 
than cod liver oil, as has been ascertained by Walker and Warhurton 
in the author’s laboratory. But Japanese fish oil and a deodourised 
fish oil have given numbers ranging from 23 per cent to 39 per cent of 
insoluble bromides, so that it is easy to prepare mixtures of cod liver 
oil, fish oil, and blubber oil yielding the average percentage of ether- 
insoluble bromides furnished by genuine cod liver oil. At present 
exact chemical methods for the detection of these adulterants are still 
wanting. The organoleptic method must therefore be relied upon to 
guide in the examination of a suspected sample. 

For the determination of the amount of iodine in cod liver oil or 
iodised cod liver oil, Stanford ^ saponifies 300 grins, of oil with 40 grms. 
of caustic soda (free from iodine), evaporates to dryness and incinerates 
the soap in a porcelain crucible. The charred mass is next boiled out 
with water, filtered, and the filtrate evaporated to 300 c.c. 30 c.c. 


’ Pharm. Journ. (3) 14, 353. 
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of this solution aro then shaken with 12 c.c. of carbon bisulphide after 
a few drops of nitrosulphuric acid have been added (prepared by 
passing nitrous acid, evolved on heating starch or arsenious acid with 
nitric acid, into sulphuric acid). The amount of iodine dissolved in 
the carbon bisulphide is estimated colourimetrically by comparing the 
tint with that of another solution prepared similarly from a known 
amount of potassium iodide. 

On shaking pure cod livin’ oil with water or alcohol no iodine passes 
into solution ; fraudulently added potassium iodide can therefore thus 
be detected. 

The best qualities of cod liver oil, as has been pointed out already, 
aro used in pharmacy and for feeding calves. In order to mask the 
unpleasant taste which the older medicinal oils had — and which they 
aro popularly believed to have still — various prc])arations aro madi; 
from cod liver oil, such as etfervescent cod liver oil or emulsified cod 
liver oils.^ 

For the preparation of these emulsions Burner'^ states that the 
emulsions should contain not. less than 39-40 per cent of cod liver oil. 
He also recommends for sweihisimig the emulsion in addition to glycerin 
0 02 per cent of sai'charm. Sugar used as such does not keep in the 
warm weather. He recommends as a preservative 10 per cent of 
glycerin and 3 per cent of alcohol. These, as also other substitutes for 
cod liver oil, such as iodised oils, phosphorised cod liver oil, and “ fucol,” 
will be described in Chap. XV. 

Lower qualities, i.c. the commercial cod oils, the coast cod oils, 
are used by tanners and ( urriers (see Chap. XVL “ Sod Oil”). 

In the examination of commercial cod oil for tanning and currying 
purposes, the amount of free fatty acids and unsaponifialile matter 
does not play the same important part as in the e.xamination of medicinal 
oil. 

As the livers which are worked up for cod oil are not worked m tlie 
freshest state (sometimes even in a putrid condition), the amount of 
free fatty acids is considerable, and rises up to 25 per cent and more. 
The lower the amount of free fatty acids, the higher is the commercial 
value of tlie oil. With regard to acid value Turnbull says : “ Oils 
having high acid value are found to spue readily if used for currying, 
and they are not at all suitable for chamoising.” The amounts of 
unsaponifiablc matter occurring in brown cod oils may be gathered 
from the following table : — 


^ Cp. Shoard, English patent 49*2, 1908 ; cp. also K. Kawai and Z. Mivva, English 
patent application 19,403, 1912. 

- Apoih. Zed , 1909, 211. 


[Table 
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Unsaponijiable Matter in Cod Liver Oils 


Doseription of Oil. 

Colour. 

Unsaponi- 

llablo. 

Obsorvei. 

Commcrcl.xl oil, English . 

Brown cod oiP 

Yidlow'islircd 
Bale Yellow 
Blown 

Per cent 

2 62 

0 6-1 68 

1 82 

2 23 

2 68 

2 0-5 3 

1 87 

7-3(!) 

1 

Falirioii 

Tjcw kowitsch 

Fall! 1011 

Lew kowitsch 
Thomson and 
Ballantyne 

Bull 


(Jod oil is jm|u(‘rdly iidiiKeratod with fish oils, the detection aiul 
quantitative determination of wdiieh still ofi’er a difficult problem, 
which has not been solved satisfaidoi ily. 

For a method of examination of cod liver oil by means of its misci- 
bilitv curves wuth acetone, the orij^inal papers by L. Louise should bo 
consulted.'^ 


As cod liver oil, like fish oils, absorbs oxy^mn, the (unploymont of 
it for paints and varnishes has been fiaupiently sugf^ested and also 
patented. Since the unsaturated fatty acids diher materially from 
thovse of linseed oil, no flexildc skin can be obtained from cod liver oil. 
All these proposals are therefore valueless, althouj^h when puces of 
linseed oil are high, adulteration of boiled oil ” with liver (and fish 
and blubber) oils is frequentiv practised. 

Procter and Holmes^ have examined the oxygen absorption of cod 
liver oils and obtained the results stated in the following tables 


Mcdiclmd Cod Liver Oil 


Blown 

Si)ecilic Uiavity 

Uelr.u live Index 

lodmo Vabii' 

Honrs 

0 921 

1-4814 

163-0 

4 

0 '.».!4 

1 1819 

163-0 

8 

0-9,i7 

1-4825 

139-5 

12 

0 910 

1 4831 

131-5 

16 

0 952 

1 4836 

127 0 

20 

0 963 

1-4847 

122-0 

24 

0-969 

1-4848 

117-0 


^ Bull found 7'3-7'!) |)(!i cent of inisa])onil]abl»i matter in some brown oils. These 
figures suggest the j)ie.sence of olhei li\er oils. 

Jonrn. Pharm. Chun., 1911, .‘l77. 

^ Joiun, Sue. t'liem. Jiid,, 1905, 12^7. 

^ Original oil. 
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Cod Liver Od 


Blown 

Spool lie Oiavily. 

Uefinolivo Index. 

loiliiio Value. 


Ij 0 

10 c 

Hours 

O' 

0 930 

1 4812 

1.4(;-0 

3 

0.930 

l-lSlf) 

19.9-0 

0 

0-93') 

1 -4820 

1.92 0 

9 

0 937 

1 4820 

1.91-0 

12 

0 938 

i*}82r. 

1 .90 0 

If) 

0 910 

1-1827 

MS 0 

18 

1 0 913 

1*4828 

14.9 0 


Cod Oil 


Blown. 

Hours. 

SpcciOo Gia\ ity. 

15“ (J. 

llofractive Index. 

15“ C. 

Iodine Value. 

O' 

0 923 

1 1810 

1.94 0 

3 

0 928 

1 1813 

148-0 

6 

0-928 

1 181.9 

148-0 

9 

0-928 

1-1M9 

140 0 

12 

0 930 j 

1-4819 

141-0 

1.9 

0 930 

1-18-20 

143-0 

■ 18 

0-931 

1-1822 

143-0 

21 

0-932 

1-1827 

142-0 

24 

0-934 

1-1828 

141-0 


Other liver oils arc commercially of minor importance, and therefore 
need not be considered here individually. In the following table (see 
table facing p. 447) I collate the characteristics of some oils. 

Shark liver oil appears to be no longer used in t his country ; at any 
rate it is not extracted here commeicially. This oil is, however, 
prepared in considerable ([uantities in Iceland, and exported to the 
Continent for use in tanning ; it is also manufactured at the coast of 
California, the coarser grades being employed in the making of tarpaulins 
and othei oiled cloth. In admixture with linseed oil and glue, shark 
liver oil is used in the preparation of plastic masses and rubber sub- 
8titutes.2 The livers from any shark caught by the trawlers are ex- 
tracted, together with other livers, and therefore the “ Coast Cod Oil" 
(p. 429) will contain varying (piantities of shark liver oil. 

Dogfish liver oil is prepaied from Squalus acanthias, L. (“Spiny 
dogfish ”), according to G. F. White from MaMns canis. This fish 
is caught off the coasts of Oregon, Washington, and British Columbia 
in huge quantities. One hundred livers are stated to yield from 6 to 
8 gallons of oil. The oil is not generally kejit separate from cod liver 
oil, and is sold in admixture with the latter for currying purposes. 




' Oiigiiial oil. 

^ R. Ziinpel, German patent 23(),728. 
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Tho name “ dogfish ” is also given to other species of fish closely 
allied to shark, such as Scyllum laticeps, Acanthias vul/jaris, L. (spined 
dogfish)/ Xajzum glauca (tiger shark), Mudelus cmiis (dogfish). 

In order to protect tho fisheries the Federal Government of Canada 
offers a bounty for the captui'c of the dogfish, which on account of its 
voraciousness has become a serious menace to fisheries on the East 
Coast ; hence considerable quantities of dogfish oil and dogfish “ scrap ” 
are obtainable in commerce.^ The production of dogfish oil in Nova 
Scotia has recently reached large proportions, 700,000 fish being 
worked up in the season 1910. 

The changes which skate liver oil, coal-fish liver oil, and shark 
liver oil undergo on blowing with air at about 100° C. are set out in 
the following tables due to Procter and Holmes " : — 


Skate Liver Oil 


niowii 

Specilic Cii,i\ily. 

1,7 

Kf'lract/ivf Index. 

15' C. 



ludine Value, 

Iloiiis 




0 '■ 

0'926 

1 -4880 

187-0 

8 

0-926 

1-48)30 

185 0 

6 

0-926 

1 4880 

185-0 

9 

0-927 

1-48)31 

174-0 

12 

0-929 

1-4834 

167-0 

15 

0-929 

1-1835 

163-0 

18 

0-9)30 

1-48)37 

162-0 

21 

0 9;i;3 

1-4840 

160-0 

21 

0-987 

1-4843 

159-0 


Shaik Lher Oil 


Blown 

S|)('eilie (liaviLy. 

1 . C 

licdiaetive Index. 

17 (' 

Iodine Value. 

Hours. 




0-* 

0 910 

1-1750 

120-0 

3 

0 911 

1-4752 

119-0 

6 

0 911 

1-4752 

117-0 

9 

1 0-912 

1-4754 

111-0 

12 

0 918 

1-4759 

110-0 

1.5 

0-918 

1-4760 

108 0 

18 

0-918 

1-4760 

105-0 

21 

0 918 

1-4760 

104-0 

24 

0 916 

1 

1-4762 

103-0 


^ Canada, Drpaifmnit of Afjricultarc Central Jitpeii mental Fann, Ottawa, 
Ontario, 1906, ]>. 15S, 1907 ♦ 

Journ. Soc. Chem. I ml, 1905, 1287. 

^ Original oil. 




Jiiver Oil from 

French. 

ivlty. 

Ska to . 

Huilo do foio d’ange 

Mccroi'’’” 


(d’angoloi) 

15° (\) 



|5" ('.) 

„ (.jajianosii 


Suk(do-fnra) 



'runny . 

Huilo do foio do tlion 

TKiinll,r,« (. ) 

„ (.lajianose 


Idaguro) 



Haddock^ . 

Huilo do foio d’dgrofin 

0 

Coal -fish® (Bol- 

Huilo do foie do morlan 

s. 1 1 1"’^' ^■) 
Sojlid] 

lock), saifli 

vort, oil soy, ou ehar- 

ld)( 


boniiior 

15-5° C.) 
15° C.) 

Ling , 

Huilo do foio do linguo 

Longljp 

|55°C.) 

1 r.o n \ 

Shaik (Aroiio) 

Huilo do foio do roquin 

Haiib,,o 


arotiqiio 

„ (Arctic) 


„ (Sand) 


i 

„ (Hammer- 



h('ad) 


*9177 

„ (Japan) 

(dapoii) 

40° C.) 

„ (Japan) 


,, (Spotted 


shark) 




Hiiv 


{T()t’))(>(lo) 

(S(|iio<(‘a,L;uo)| 


ray 

VVliiti' stm ;4 ray 
Shark lay 
Hake . . 


Soup 

Kol 

VVliit-Miy 

Doy-fi.sli 


BniBiiior, Cii.sk 


(/Oininon saw (Ish 
Hu I tor fish . 
Trout . 


liuili; do fojo do raio 

Huilo d(‘ foio do pastori- 
ayiio 

Hiiilo do foio d'aijjjlo do 
nu'r 


Huilo do foio do niorlus 
ordinairo 


Hudo do foio do oyprin 
Huilo do foi(‘ do roiissotti' 
(oliK'n do iiK'i) 


Huilo d(' foio do larnio 


Solidifying 

Point. 


Hod 

Stadj' 

Adlo 


jirrfin;) 
15" (J) 
15" (1) 

15" C.) 


to" H.) - 

itO" (’.) 

. , l-"> '">"<'•) 

(Ha 


Wi'i.X-, 


jOO 


Huiii^jj 

. ri5"c.) 

.p i22 

Bros 
l!r<4r,g 
I -lO" 0.) 


JAiri 


1 15-5" C.) 


^ 0/iem. Rni, 1P13, 72 
» fW /for., 1913, 71 


The aut 


Specif] 

Tempera 

tteactk 


322 


'Oil, 390. 

jineter index of insoluble 
Ion - 0 •5" in a 200 mm, tij 


oil («;c table facing page 423). Llebertliran.” 
•’ This oil IS frequently termed caVs 


3001 

257! 


234; 


31 


pp l(j 
1 ‘6 per 
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CoalFish Liver Oil 


■ 

Specific (i cavity, 
irc C. 

Ilefractive Index. 
ly C. 

Iodine Value, 

Hours 





0-921 

1-4786 

153-0 

3 

0-921 

1*4787 

151*0 

6 

0-921 

1-4788 

146-0 

9 

0-922 

1-1788 

141*0 

4 2 

0-928 

1 4789 

186 0 

15 

0 924 

1 4790 

135 0 

21 

0 927 

1 1792 

134-0 

21 

0 981 

1 

1-4791 

1 

i 180 0 

1 _____ 


Some chaiaoteristics of tliose liver oils and of oilier lesser known 
liver oils are given in the table opposite. 

Two (pialities of skate liver oil, viz. medicinal oil and technical oil, 
are being placed on the market by the commissioner of Fisheries, 
Bengal. 


The livers of the Crustacea (e.g. Cancer paguriis, Pah'nvrus vulgaris) 
as also the livers of decapods (BIrgus latro) aic very rich in oil. An 
examination of these oils has not been carried out hitherto. 

With regard to fats from pig and ox liver, see “ Animal Fats.” 

Lesser known liver oils, see talde ojiposite. 


y. Blubber Oils 

Jn this gioiip are comprised oils of dilTerent com])osition. Siail 
oil, whale oil, turtle oil, and dugong oil consist almost wholly of glycer- 
ides ; dolphin oil, porpoise oil, and brown fish oil contain notable 
amounts of spermaceti, forming, as it were, intermediate members 
between true fatty oils and li(|uid waxes. 

The last three members of this group -dolphin, porpoise, and 
brown fish oils- -occupy an exceptional position on account of their 
containing considerable proportions of glycerides of volatile acids. In 
this respect turtle and dugong oils form intermediate links between 
these oils on the one hand, and seal, and whale oils on the other. 


Onj,aiml oil. 
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SEAL OIL 

French— //'wi’le de jdioque. (ki-nmn—Robheiilran, SeeJmndstran. 

Italian— 0//o di fom. 

For tables of characteristics see jip, 450-152. 

Seal oil is obtained from the blubber of the various sjiecies of seal, 
such as Fhoca vituJina, PJwca groenlandica, Phoca lagvra, Phoca caspica, 
etc. 

The followin.t^ seals occurrin^^ in the Ani arctic Ocean have been 
described recently (National Antarctic Expedition, 1901-4, Natural 
History, vol. ii. Zooloj^y, London, 1907), Weddell’s seal (Leptoiiychotes 
Wec/dc/O'), sea-leopard (Slcnorhymhus Zep/oy/yx), crab-eating^ seal (LoWow 
carcinophagns), Loss’s seal (Ouiniafophoca rossi), (ih'pharit seal (Macror- 
hhius leonimis, 31. aagu.sfirostrius), in cornmerci^ the oil is also named 
sea-elephant oil, Hooker’s sea lion (Arctovephalus llooken). 

In the early times of “ whaling',” the oil was exclusively tried ” 
on board the whaling vessels, just as in the case of whale oil (see p. 455). 
Later, the seals were brought to rendering establishments on shore, 
and the blubber cut from the animal was thrown into large vessels of 
great height, in which the oil was jirc.ssed out from the lower layers 
by the sujierincumbent weight of the blubber, and the exuding oil was 
allowed to run off continuou.sly. The oil running out at first was pale, 
and almost free from smell When, however, the blubbiM' hecame 
rancid and even putrid, the oil obtained was rich in fris.' fatty acids, 
and ac({uired, besides a dark colour, a nauseous taste. At present, 
seal oil is recovered by more modern methods, ^ such as are described 
under the heading “ Whale Oil,” p. 454. 

According as the oil is extracted from fresh blubber on boaid the 
steamer, or from blubber wdiich has been brought to shore, the colour 
of seal oil vanes. 

The crude seal oils deposit “ stearine ” on standing, which is removed 
by filtering the oil. The ” stearine ” is sold as “ lish stearine " or 
“ fish tallow ” for soap-making and (uirrying purposes. H’lio stearine ” 
from the first run oil is white and almost free from odour, wliereas the 
“ stearine ” obtained from the last rendered oil is dark, high in its 
proportion of free fatty acids, and of bad odour. This stearine ” 
blackens easily on exposure to the atmosphere. 

In commerce four (jualities of seal oil are differentiated — waiter- 
white, straw, yellow, and brown seal oil ; these represent the oils as 
they are obtained successively from the blubber by “ rendering.” 
The darkest quality is that which has been the longest m contact with 
the animal tissue, and has been extractc^d at the highest temperature. 

The oil from Phoca fertida (Lermaii— Ringelrobbe), occurring in 
the Baltic, notably differs from the seal oils furnished by the marine 
seals in resjiect of the iodine value. This must be attributed to the 

^ Cp. Osinuiidseii, English pati'iit 2357/1^12. 
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influence of food conditioned by the fauna of an inland sea.^ Such 
influence becomes more pronounced still in the case of the seal oil from 
Fhoca foetida, var. saimensis Nordkvist, a variety of seal wluch lias 
adapted itself for many generations to the fresh water of the Saima 
Lake.^ 

According to Ljuharshj^ the mixed fatty acids from the Caspian 
oil consist roughly of 17 per cent of palmitic acid and 83 per cent of 
liquid acids. The latter yielded on oxidation a mixture of dihy- 
droxypalmitic and dihydroxystearic acids, from which the presence of 
oleic acid and physetoleic acid (or hypogieic acid) in the oilginal oil 
was inferred. Ljuharskif found no linolic acid, the presence of which 
had been recoi'ded by Kiirhafoff '^ 

Walker and Warhuf(o)i obtained in the author’s laboi'atory, however, 
in the bromide test 27-54-27*92 per cent of ether-insoluble brominated 
glycerides ; the fatty aiuds yielded only ]9'8-i9-9 per cent of insoluble 
bromides, which behaved like the brominated products obtained from 
fish and liver oils. Tohnan found 19-5 piT cent insoluble bromides 
in a sjiecinion of seal oil yielding (by the lead-salt-cth('r method) 9-96 
per cent solid acids. 

Bull isolated from a specimen of northern seal oil a liquid fatty 
acid absorbing 306-8 per cent of iodine. 

In the (‘laidin test seal oil gives a pasty mass, which separates from 
a liquid portion. 

The following table records the proportions of free fatty acids and 
unsaponifiablo matter found by several observers : -- 


No 

Kind of Seal Oil 

i 

Fii'O l''•ltl\ 

' AciiL i(> 

I Acid) 

1 IIS IDOlilIl ibic 
\l', liter 

Ol)scr\ci 

-■ -- 

1 

W.itcr-white 

1 I’CI ( 1 111 

. i 0 2 

I'l 1 (vnl 

Lew kow itscli 

2 

Ihlln . 

. ; 0 9-1 T) 



3 

Cold drawn, pal 

e ! ] 80 

0 .3 

Thom.soii and Lallaid \ ne' 

4 

Slc.iiiK'd, pah: 

. 1 1-16 

0 38 

,, 1 

5 

Tingl'd (blown) 

, ' 8 29 

0 12 

„ 

6 

Xoi wegmri . 

. 1 7 dd 

0 .31 

,, 

7 

Noithi'iu 

.1 3 2 

1 0.3 

, Lull 

8 

Veiy palo . 

. 1 0 


' Chajmiaii a iid lloltc 

9 

Yel low- 

.1 m 


1 M 

10 

Light blown 

. ' l 09 



n 

Dark iiiuwn 

1 9 9.3 

... 

i 


It may bo noted that Thomson ami Dunlop obtained with an un- 
doubtedly genuine and fresh seal oil a distinct violet colouration with 
sulphuric acid, similar to that given by liver oils. This specially 
prepared seal oil had the specific rotatory power [a] j == -0-19. 

^ Cp. Lcwkowitscli, Juhthuch, d. (jhem , 1905, (xv.) 420. 

^ This seems to me hardly tenable as a general proposition, inasmiicli as carji lish oil 
has an iodine value of 84 only (ep. also my remarks in ./«/;/ (/. Chem., 1903, xiii. 
p. 406 ; 1904 (xiv.), 440). 

’ Jutirn. f. prakt. Chem,, 1898, 26. ■* Jierichle, 25, Tteferate, [> 506. 

® Journ. Sac. ('hem. hid., 1891, 236. ® Ibid., 1891, 813. 

VOL. II 


2g 
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The elephant seal caught on the coasts of Kerguelan Island yields 
a light yellow oil having the following characteristics ^ — 



0. 

laulit 

IHIcu 

l.itrld 

\('II(A\ 

1. 

I.mhl 
\.'lloU , 

2 

lU-d 

1 cl low 

2 

Red 

Yellow 

Red 

Rlowii 

Specific gravit) at 1.1'' f’ 
Sajionificaf ion value 

Iodine value 

Insolulde fatty acids ] 
unsaj)()rnfiablc 

Fico fatty acids, {xjr c('nt 

0 9222 
189 0 

124 0 

190 0 

0!>22:i 
hioo 
i:i0 9 

0 921a 
189 1 
1242 



1 48 

0 98 

9a 0 

0 70 1 70 

8 00 

24 00 


The od is contained in a thin layer of blubber, each seal yielding 
about 80 kg. of oil. The oil deposits stcai me ” on ('oolmg to 10-15 ’ 0. ; 
below 10'^ it becomes pasty and has a higher solidifying point tha,n 
that of ordinary northern seal. 

Sea lion oil ^ obtained from Otarui sleJleii, Less. (Japanese name 
“ Ashika ”) is a yellow Inpiid having a iishy smell. An examimition 
of this oil by Ttinjuiiofo showed the following characteristics : — 


Specific gravity . . . .0 !)27S 

Sapomlication value . . . 189 80 

loditK* value . . ir)() 157 

Acid value . . 0 5(S 

Hefractive ind(‘\ at 20'' t'. I t7S.‘l 

Butyro-rcftactoineter . . . 80 0 

McKing ])()irifc of tatty acids, L. . • ‘^9-5 


The ether insoluble bromides of the total fatty acids amounted to 
364)4 per cent ; thesi; bioniides after extiaction with benzene contained 
70-76 })er cent of liromine. 

The best (pialities of seal oil arc us(‘d as burning oils m lighthouses, 
or when prices of cod liver ml are high, as an adulterant of cod liver oil ; 
seal oil having a similar composition to (‘od liver oil and ])Ossessing 
even less taste and smell, there is no reason why it should not replace 
to some extent cod liver oil in ])haimacy ^ Lower qualities of seal oil 
are used m soap-making, particulaily soft soa])S, and m the leather 
industries. The changes which siail oil uudergm's in the sod oil manu- 
facture IS described m Lhap. XVl. 

The change Buffered by seal ml on blowing with air at TOO" 0. is 
stated in the following table, diu' to Proefer and Holmes 


^ J. Lund, /ft/, 1912, 1.11. 

- T.siijinioto, C/inn. Unite, 19L5, 71. 

' A. Wiiigaid, Sreii',L. Faun TaF^ki., 1911, 10. 
Jinnn. Soi . Cheni. /nil , 1901, 1287 


[Taulm 
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Pale Seal Oil 


Blown 

Specilic Gravity 

Uefi active Index. 

Iodine Value 

Hours 

O' 

0-9.32 

1-4795 

121-5 

4 

0-941 

1-1798 

121-5 

8 

0-955 

1-1800 

10.5-5 

12 

0-95t) 

1-4808 

100-0 

It) 

0 9(n 

1-1815 

96-5 

20 

0-961 

] 1820 

91-5 

24 

0-968 

1 4820 

91-5 


Soul oil is fro(|iicntly adulioi-utod witli mineral oils and rosin oils, 
the detection of which is, however, easy, A mixture of seal oil with 
various fish oils is fre(|uently sold as seal oil. The detection of the 
adulterant is not easy, as neither the iodine value nor the bromide test 
furnish di'cisive indications. In the present state of our knowhul^m 
the taste and smell render some assistance in the examinaiion 


WHALE OIL 

French- -Hmle de haleine. (lerman Waljischii'an. 

Italian - Oho di bakna. 

For tables of charactiu-istics see pp. 460, 161. 

Whale oil is exti acted from the blubber of various species of the 
genus Bahena, viz. BaUrna mijsticctus^ Greenland or “ Right ” whale 
(northern whale oil), which attains a length of about 60 ft., its head 
being about one-third of its huigtli ; Bakena amlrahs (southern wdiale 
oil),^ this animal attains a length of about 45 ft. ; BalcFiiaophra longi- 
mana ; Balcv)iaopfira nnisculus, common rorcpial (Fin-back oil) (Fiiiner 
whale oil) — French: Iluile de ror((ual ; German: Linrifischtran — 
attains a length of about 70 ft. and is found all over the world ; Balwna- 
optera boreah.s, Northmn or Ruolphis rorqual, measuring about 40-50 
ft. is found principally oil' Scotland, Faroe and Falkland Islands ; 
Bottle-nose whale, Balcenoptera hyperoodon and Blue whale, Balcena- 
oplera sibhaldii,^ this latter is said to be the largest living animal in 
the world, and someTimes attains a length of 100 ft. ; Neobaloina 
rnargimta ; Ehachianectes glauca, Cope (Japan). The northern whale 
oil is the “ train oil ” propei’ ; but this name has become a generic 

' Original oil. 

T. E. Halveson, Joinn. lioiial Six- dJ Aits, 1912, 515. 

^ Tlie (National Antaiotic EApeilition, 1901-4), Naturnt /lisfori/, vol. ii. 

Zoology, London, 1907) found no tiacfs o( the soiitliein Right wdiale {lUiJmtu austiahs) 
which Captain Jio.ss ha<l leported to be abundant in the 'foities of the la.st century, but 
met with the ronpial, the Austialian whale {Ntobala na manjmata), the “killer,” and 
two new cetaceains. 
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name, and has been extended to all other “ blubber oils ” included in 
this group. For the milk fat of whales, cp. table under “ Butter fat.” 

The blubber of whales caught in the northern seas of Europe was, 
in the early days of the whaling industry, “ tried ” on board the whalers, 
but in consequence of the low yield and also of the low quality of oil 
thus obtained, the whales are now brought into the “ trying ” stations 
situated in Fmnmarken, on the Lofotes, Faroe, Shetland, and Hebrides 
Islands, and in Iceland. 

To a large extent the American whalers still try ” tlie blubber 
on board ship and deliver the crude oil into the iefineri<*s of New Bedford, 
Mass., on the east coast, and of San Francisco on tlu' west coast. In 
British Columbia the most modern methods of collecting and refining 
whale oil are employed. 

The whales caught m the whaling grounds adjacent to the South 
African coast, especially to that of Natal, are brought into the trying ” 
stations at Durban and Salvanha Bay (llootjes Bay). 

The “right whale” oil is of better (piality than the “southern 
whale ” oil. The “ tinner whale ” oil is of still lower ([uality. Hence 
the tinner whale was formerly neglected by the whalers, but at present 
even this kind of whale is eagerly ])ursued by them along the coasts of 
Norway and Newfoundland, especially oil' South Africa, as also to a 
smaller extent on the Asiatu^ coast of Russia, and the coast of Ja])an. 

Besides the species of whales named, other kinds, such as the “ orca ” 
or “ killer ” whale, the ‘‘ beluga ” or white whale, are caught, especially 
by the American whalers, and the blubbers are rendered for whale oil. 

The average yield of oil obtainable from the dilTerent spec.ujs of 
whales is given in the following table : — 


Kind of Wh<dc. 

Vi(“ld in HiiricL 
:U i:<illons. 

Right whale, i’acitic 

. 25 

to 250 

Right whale, Atlantic 

. 25 

„ 150 

Howhead whale 

. 30 

„ 250 

Hiiinpbaek whale, Paeitie 

. 10 

„ 110 

Humpback whale, Atlantic . 

10 

„ 100 

Finback whale, Paeitic 

10 

„ 70 

Finback whale, Atlantie 

. 20 

„ 00 

Oahfornian gray whale 

. 15 

„ 00 


Orca or killcT whale I ,, h 

Ih'luga or white whale . 1 ,, -5 


The “ sulphur-bottom ” whah; found off the coast of British 
Columbia yields about 6 tons of oil, d., tons of body bone, 3J tons of 
guano and 3 c.wts. of whale, bone. These whales are said to be worth 
£100 each, wlie] (‘,as the “ right whale ” is much rarer and is valued at 
about £2000. 

The extraordinary small quantity of cod fish caught off the coast 
of Norway in 1903, caused those interested m the cod-fishing industry 
to start an agitation with the object of enforcing legislation against 
the killing of the whale off the coast of Norway, as the whales drive 
away the seals, which work the greatest destruction amongst the cod 



456 


GLYCERIDES — MARINE ANIMAL OILS 


CHAP. 


shoals. In consequence of this agitation a law was pa^ssed, which 
came into force on January 1, 1905, forbidding the killing of whales 
within Norwegian Sea territory and the landing of whales in the Nor- 
wegian rendering establishments. This will, no doubt, increase the 
output of the rendering works in the Faroe, the Shetlands, and the 
Hebrides Islands ^ It is doubtful whether this legislation will improve 
the yield of the fishes, as the causes of the migration of tlie fish shoals 
are at present unknown to us. 

According to the eipiipment of the blubbiM-rendering stations the 
yield of the oil and also its (juality vary. In the most modern works 
the blubber is stripped clean fioni tlesh immediately after tlie arrival 
of the whaler, and cai(; is taken to leave as little flesh as jiossible on 
the blubber. The latter is then cut into strips, which are thrown into 
chopping machines, whence the commimit.ed mass is immediately 
delivered into nujlting pans, and boihul with stcam.'^ Five different 
qualities of whale oil are produced. The best quality is the oil which 
first runs off the blubber at the lowest temperatun', and is known in 
commerce as “ Whale Oil No. 0 ” ; it is of a pale yellow colour, and has 
but a faintly lishy smell. This oil contains a very small quantity of 
free fattv acids. The best brands arc water- white, and are fret', from 
volatile fatty acids. On fuither boiling the second ([uality (“ Whale 
Oil No 1 ”) runs olf ; it is a little darker in colour, although still pale 
yellow. Its fishy smell is more pronounced than the oil of the first 
running. 

These two (pialities of oil are stored in hirge vessels, wheriJiy they 
become clarified whilst diqiositmg steariiu',” which is filtered off, 
pressed in hydraulic ])resses, and sold as “ whale tallow,” whale 
stearine ” for soap-rnaking. When tallow is high m puce, it is some- 
times adulterated with whale stearine; this will be detected by the 
high iodine value of tlu; liquid fatty acids, and also by the yii'ld of 
insoluble bromides. 

The residual mass m the boiling pans, together with the flesh of 
the whale, is cut up into strips or fairly large lunqis, and is “tiied 
down ” 111 a digester under <i pressure of 10-50 lbs. Thus the oil classed 
as No. 2 oil ” IS obtained. This oil has a brown colour 7ind a strongly 
developed fishy snu'll ; its proportion of free fatty acids is considerably 
higher than m ” Oil No. 1.” In some stations Whale Oil No. 2 ” is 
made from the blubber residues only, and does not contain any oil 
from the flesh. Hence it requ’csents a superior article to the No. 2 
Oil,” described m the precialmg lines. 

The bones are also worked up m the same manner, and yield a 
still inferior (piality of oil. Such oil (“ Whale Oil No. 3 ”) is darker 
still, has a more strongly developed odour, and a high percentage of 
free fatty acids, ‘‘ Whale Bone Oil ” of commerce is, however, not 

^ 111 c()iisc(|utiiK'e ot U)(^ “ Wli;il{i Fisliciics (ScothuKl) Act” ot 11)07 the Kislicry 
Ro.'ii'd have picsctihcl a I'lo.sfii time lor llie pro.secutioii of the toi a 

perioil ot live week^, cxtendiii'f from 1st June to htli July (dunii}; tlie f,u’eat suiiiiner 
helling lisheiy), within a distance ol forty miles off the coasts of Shetlnml. 

^ A (lescri})lion of a inoileni installation for working n]* whale on land is given in 
Oil, I'ltuU, and Dnuj liepnrter, 1907, No. 10. 
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exclusively made from tlie bones, except in those cases where the 
product is sold as “ Bone Oil.” 

The oil obtained after the flesh has undergone some pronounci^d 
putrefaction (“ Carcase Oil,” “ Whale Oil No. 4 ”) is still darker, and 
more objectionable as regards smell, and contains a higher proportion 
of free fatty acids. In the three lowest qualities the ])i’oportion of 
unsaponifiable matter is considerable. 

It must, of course, be understood that the different (pialitic'S de- 
scribed above, with the exception of “ Whale Oil No. 0,” vai v within 
wide limits, so that no definite standards can be laid down. Spc'Cimens 
of Norwegian Whale Oils No 1, No. 2, and No 3, exaniitu'd in my 
laboratory, gave the following acid values respectively :~ -3 97 ; 20 0 ; 
53-42. If the oils have been filtered, they are sold as “ Whale Oil, 
filtered.” Even a “ Filtered Whale Oil No. 4,” occuis in eommeici^. 

In the refining of whale oil the oil is liist subje(4ed to a “ dmnargar- 
inating ” process by cooling the oil and separating off the stearimi in 
centrifugal machines. The liquid ])ortion is tlnni sometimes deodorised 
by treatment with superheated steam Tlui better ([uahties of whale 
oil are bleached by means of fuller’s eaith. Some wliah^ oils can be 
bleached fairly easily by means of (chemicals, but each individual 
sample presents a separate problem and ex])erim(‘nts must be made 
to see which bleaching agent is the most suitable. 

The better ([ualities, i e. those prepared from fresh materials, are 
used for cattle feeding. The residue after the removal of the oil finds 
a ready market as manure, “ whale guano ” ^ 

This process is thoroughly carried out m Newfoundland (at Balena), 
where the Government has established several new ])lants. The 
carcases of the whale are there comiiletely used up in th(5 manufac'ture 
of oil, sti'.arine,” bone meal or bom^s, and other articles of commerce. 

If the whale is landed in a p(*rfectly fresh state, cattle meal can 
be prepared fi'om the fresh meat, as is being done in b-eland and m 
the Faroe Islands. Some fresh meat is also consumed locally The 
greater part of the whales caught off the <'oast of Ja])an and Korea are 
used as human food, little oil being exported. The following table 
gives some statistics of the working uj) of whales in Iceland in the 
years 1910 and 1911. — 




10 

loll 



1 (^ii.iiitity 

\ aliif 

(^uaiili(\ i 

V.ilui- 


1 (100 kilos) 

L 

(100 kilos) 

L 

Whale oil . 

86, 178 

1 62,8J6 

26,746 

88,278 

Whale hone, cuts. 


' 8,667 

1,021 ' 

8,521 

Cattle meal 

11,877 

8,229 

7,126 1 

4,940 

Ciiam) 

1 8,688 

5,485 

10,812 1 

5,827 

Hones 

i 8,900 

8,581 

2,888 

1,182 


^ Osiiiiindsen (ind Osmiaidseii, Norwegian }iutt‘iit 21,822; (ioniian 260,857. 
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The production of oil in South Georgia in 1911 was 106,800 barrels. 

The Shetland whaling industry is, in consequence of the above- 
mentioned Norwegian law, on the increase. The number of whales 
caught during the season 1904 amounted to 412. 

In 1905, 2364 wliales were killed near Spitzbergen, Iceland, the 
Faroe, Shetland, and Hebrides Islands. 72,420 barrels of whale oil 
are stated (!) to have been produced. 

The total production of whale oil amounts at present to 3,()OO,O0O 
gallons per annum ; of these 9(X),000 are produced by the Norway 
fisheries, 750,000 by the United States fisheries, and the remainder by 
Scotland, Russia, Newfoundland, Japan, and other countries. 

The following table gives some charaiJeristics of various brands 
of whale oil. The numbers are due to Bull : — 



Spcnllc 
(O.ivity 
at 1 V ( ' 

A( el 

SapoiiilU 

fodiiii' 

Uiisaponi- 


V.lIlK* 

laliie 

\ ill tie 

llalile 

Aniaiciit! light wlialo oil 

0 1)257 

0-511 

18:3-1 

i:5t) 0 

1 40 

(Anici'ica) 

Wlialo oil No. 1, uiiiflnied 

0 1)181 

0-80 

188 () 

lOl-O 

2 -.36 

(Fininarkmi) 

Rclincd (Glasgow) 

0 021 1 

1-1 

181 7 

11.3 2 

2 ;3-3 

Arotu; whale oil, refined 

0 02 34 

1 0 

185 0 

117-1 

2-11 

( Anu'i'iea) 

Crude white whale oil 

0-0222 

2-5 

188-0 

127 1 

1-.37 

(Anieiiea) 

Wliale oil No. 2, iinielined 

0 0182 

8 -6 

188 .‘5 


33 -;3 

(Finniaiken) 

Yellow wdiale oil, reliiied 

0 02 32 

10-() 

185 0 

110 0 

1 80 

(Glasgow) 

Whale oil No. 13, le fined 

0 01t)2 

2'i-5 

185 7 

90 0 

2-42 

(Finiiiarken) 

lliowii whale oil leliiied 

0-0272 

.37 2 

1(30-0 

125-;3 

3 22 

(Glasgow') 

Whale oil No. 4, iinielined 

0-0205 

58-1 

182 1 

89-0 

3 -4 

(Fiiiniaikeii) 

Daik whale oil, lelined 

0-0170 

08-5 

178-;3 

10 : 3-1 

3-03 

(Glasgow) 



1 




The chemical composition of the whale oil fatty acids has not yet 
been established satisfacJorily. The deposited “ stearme consists 
to a large extent of palmitin. The iodine value of a sample of pressed 
cake examined in the author’s laboratory was 37-9. Stadler^ obtained 
fiom a whale oil of the iodine value 89-5, 1 4-72 per cent of ether insoluble 
brominatcd fatty acids. Volatile fatty acids are absent ; the high 
Reichert values recorded by earlier observers are undoubtedly due to 
the specimens examined having been highly rancid. 

Hehiier and Mitchell obtained from a specimen of whale oil 25 per 
cent of a broniinated glyceride, to which they ascribed the composition 
^3*^6(^i8^l29^2^^^’6)2(^i8^^^33^2®^2)- ^ Specimen of whale oil examined 
in the author’s laboratory by Walker and Warburton gave only about 

^ Detei mined in thu author’s hUiorulory. 
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IG per cent of a highly bromiiiated glyceride, whilst the fatty acids 
yielded 12-4 per cent of an ether insoluble brominated acid, wliii'li 
behaved like the products derived from other marine animal oils, in tliat 
it blackened at 200° C., without melting. This specimen of whale oil 
was a somewhat old one which evidently had undergone soiik' oxidation, 
for more recently a number of whale oils examined m my laboratoiy 
gave from 20-09 per (-ent to 22 59 per cent of ether-insoluble brommati'd 
acids. Recently T^ujimoto found in a fri'shly prepared whale oil 
(from Rhach lanecfes glduca) 27-81 p(‘r cent of (‘ther-msoluhle brominated 
fatty acids. The fatty acid from which the ether-insoluble bromides 
were derived has been identified by Tsujunoto as cliqiaiiodonic acid. 
The 27-81 per cent of ether-insoluble brominated fatty acids would 
correspond to 8-39 per cent of (-lipianodoiiic acid. This is in excellent 
agreement with the amount of insoluble bromides found reciiitlv by 
the author for a freshly liltered whale oil of best (piality, namely, 27-77 
per cent. More recently still amounts of insoluble biommated fatty 
acids u]) to 32 per cent have been found by the author. 

Bull isolati'd fi'om a number of wliah^ oils some highly imsaturatcd 
fatty acids, having iodin(‘ values ranging from 251 to 315-G. The 
readiness with whi(-h low (-lass wllal(^ oils la'come oxidised on exposure 
to the air mav exjilaiii the fact that Falnio)t found from 0-39 to 1-41 
])er (‘('nt of oxidisi'd fatty acids in some sjKH-iimms. 

The amount of imsapondiable matter also varies with the quality 
of the oil. The following table contains the amounts of unsa])onifiable 
matter determined in commercial oils, 'flie lower the (pialitv of the 
oil, the larger the amoulit of uiisa])ondiable matter (and the lower 
consequently the sapoiidication value). 


Unsupiunjiuhlfi Malfer in JfliuJr Oils 


Dcsrripl mil of ( )il 

!’( 1 ( ent 

C)bser\ct. 



- - - 

Norwegian, vellow'i^li-ied 

0 r,,5 

Fahrion 

,, yellowish-biow'll 

J 2G 


,, Ill-own 

1 -ST j 

Tliornson and Ballantyne 

Pale . 

1 -2 

,, relincd . 

0 !r2-:P7‘2 1 

Lewkowitseh 

Sainple.s dc.scnbcd in table, 

l-ldM 1 

Bull 

V- 458 

1 



The iodine value of a given spia-imen of whale oil depends on the 
amount of stearinc ” left in the oil ; hence the great variations in 
the numbers recorded in the tables are readily explained. 

Whale oil is not infrequently adulterated with rosin oil, the detection 
of which IS simple. More difficult is the detection of admixed seal oil, 
on account of the great similarity of the two oils ; at present this is 
practically impos.sible by chemical means ; taste alone permits the 
reoognition of seal oil. 
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The “ water-white ” and “ pale ” brands of whale oil are lised as 
burning oil and in soap-making. The lower qualities are employed 
for leather-dressing. 

Whale oil is also largely used as a “ batching oil ” for jute, for 
tempering steel, and as a lubricant for screw cutting machines, for 
soap-making, and adulterating tallow. As early as 1807 whale oil is 
said to have been used as a sheep dip. 

An emulsioti of whale oil with tar and calcium saccharate is used 
as a protective agent for roofs, walls, etc.^ 

The changes which whale oil undergoes in tin! preparation of sod 
oil will be described in Chap. XVI. The change which takes place in 
whale oil on blowing with air at 100° C. may be gathered from the 
following tables, due to Procter and Holmes - ; — 


Jflidle Oil 


Blown 

SpoctlH' Gravily 

R('li active Index 

ludiiio Value 

Jlniir'i 




0 

0 988 

1 1762 

121-0 

4 

0 986 

1 •4765 

112-0 

8 i 

i 0 987 

1 1766 

97 9 

12 

0-948 

1-4767 ! 

89 0 

16 

0 949 

1-4770 

87 0 

20 

0-9.90 

1-1778 

S7-0 

21 

0 990 

1-4778 

86 0 


^ (p. Kernel), Daiinli S420, 

“ Joiun. So( . Chon. Ind , 190.^), 128? 


[Table^ 
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Whale Oil, Filtered} 


Blown. 

m) 1 . 

No 

2 

Ni 

.4. 

Refractive 

Index 

Dispersion. 

Kefiaclive 

Index 

Di.spersioii 

K(‘fr:ictive 

Index 

Ilispersmti 


Honrs 







0 

1-4740 

40-0 

1-4710 

39-9 

1-1732 

39-9 

3 

1-47,")1 

40-1 

1-474 1 

40-0 

1-1740 

40 0 

4 

1 1752 

40-2 

1-4745 

40 3 

T4710 

40-0 

6 

1 -4753 

40 2 

1-1717 

40-3 

1 -4750 

40 2 

6 

1 -4758 

40-3 

1-4718 

40-4 

1-47.55 

40-3 

7 

1-4700 

40-4 

1 -4750 

40 5 

1-1757 

40 5 

8 

1-4762 

40-5 

1 1754 

40-5 

1-4 759 

40 0 

9 

1-4703 

40-5 

1-4750 

40 5 

1-4701 

40 0 

10 

1-4705 

40-5 

1-1750 

40 5 

1-4703 

40-0 

11 

1-4708 

40-7 

1-4757 

10 0 

1-4708 

10 0 

12 

1-4770 

40 7 

T1758 

40 0 

1 1770 

40 7 

13 

1-4770 

40-7 

1 1700 

40 0 

1-1770 

40 7 

14 

1-1771 

40-7 

1 I7(i0 

40 0 

1 1771 

40-7 

If) 

1-4773 

40-7 

1 1 1701 

40-7 

1 4773 

40-7 

1() 

1-1773 

40-7 

1-1701 

40-7 

1-4773 

40-7 

17 

1 -4773 

40-8 

1-1702 

40-7 

1-4773 

40-7 

18 

1-4771 

40-8 

1 -4 7 63 

40-7 

1-4774 

40-7 

19 

1-1779 

40-8 

1-4705 

40-8 

1‘4770 

40-8 

20 

1-4780 

40 8 

1-4705 

40-8 

1-4776 

40 8 

21 

1-1780 

10-8 

1 1705 

40-8 

1 *4770 

40-8 

22 

1-1752(0 

40-8 

l-47(.5 

10 8 

1-4777 

40-8 

23 

1-1782 

40 8 

1-4705 

10-8 

1 4777 

I 40 8 

24 

1-4782 

40-8 

1-1705 

40-8 

1-4777 

40-8 


TURTLE OIL 

French --// ?/?/e de tortue. Vj^vruinn Sclnldktotcnol . 

Italian — Oho di tartarufja. 

For tables of characteristics see }). 465. 

This oil, the characteristics of winch are described by Zdarck in 
the following tables, is the body-fat from Thalassochehjs corticata, Rond. 
The oil has a yellow colour. 

The specimen described by Sage appears to have been obtained, 
according to private information given to the author (by Mr. Ulcoq, 
Chairman of the Delegates of the Colony of Mauritius at tlie Franco- 
British Exhibition, 1908), from turtle belonging to the family Testudo 

’ The samples used for these experiments were supplied by the present author from 
bulk lots prepared on a large scale. 
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(Chersidfe). The specimen of oil shown at the Exhibition was of a 
pale yellow colour, and had a slightly fishy taste. 

The specimens examined had the acjd value 0-57 {Zdarek) and 
M {Sage). 

This oil is now being prepared commercially in Mauritius. 

The oil from the Snapping Turtle, Trionyx sinensis, Wiegm, is 
pale yellow, and lias a not unpleasant odour ; it deposits some stearine 
on standing. The following characteristics were determined by 
Tsujimolo ^ - 


Specifii! gravity at 15 5" C. 

0 9229 

Saponification value 

195 05 

Iodine value 

12L09 

Acid value . 

0 45 

Refractive index at 20" (Zeiss) . 

72-2 


1*4737 


The fatty acids melted at 32-8^ C. and yielded only 3*53 per cent of 
insoluble bromides. These bromides gave by the Carius method 
63-3 1 j)cr cent of bromine, which points to the presence of linolenic acid. 
This needs further elucidation. 


* Pin ate coiinuunicatioii. 
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DUGONG OIL, MANATEE OIL 

French — Huile du ditgomj, Hade de lamanltn. German- -Dugongol. 
Italian- Olio di vacca marina. 

This oil is obtained from the blubber of the sea-cow (Halicore 
australis and Ilalime indicus), a herbivorous mammal living near the 
shores of the Indian Andiipelago, in the Persian Gulf, and in the Red 
Sea. In the Indian Ocean the dugorig is met with in large herds, 
the animals reaching there a length of 5-5 to 6 metres, whereas the 
dugong occurring near Australia only reaches a length of 3-6 to 4-25 
metres. 


riujsical and Chrmiral Ckaraderistics of Dugong Oil 


Spi'cilio 

<iiavitj 

Sapoiiilicjition 

lodino 

Value 

Hoicheit Value 

Ueliactivo Indox'. 

PutMo teli,u'loiiict<'i 

At fiO” F 

Ms^iuis KOlI. 

1'('r 

((‘iiL 

cc iiuiin 

KOll 

_ 

“ nej,'ret‘s " 

Obsener 

0 

197 5 

OC-G 

2 5 

GO 3 at 25^^ (.’ 

.Mann ’ 




1 

1 


52-0 attune 

1 Livei’sf'oge ^ 

1 


The specimen of dugong oil examined by Mann ^ is stated to contain 
3'7I per cent of unsaponiliable matter, and 2-3t) per cent of free fatty 
acids ; that examiiuid by Liversirgn ^ had the acid value 5 and yielded 
0-9 per cent of unsaponitiable matter. Its ojitical rotation is stated to 
bc-0T° in a 2(X) mm. tube. The refraction of the insoluble fatty 
acids in the butyro-refractoineter at 40° 0. was 37-7 “ degrees.” The 
oil is said to have a high medicinal value, but its cornjiarative scarcity 
precludes its use. 

The dugong oil from the Indian species serves the sanu' ])urposes 
as cod oil and whale oil. The oil from the Australian species is used as 
a burning oil. 


DOLPHIN OIL, IlLACKFISH OIL 

French — Iluile de dauphin. German — Delphiidran. 

Italian — Olio di delfmo. 

For table of characteristics see p. 408. 

Dolphin oil, from the blubber of the blackiish (bottlenose dolphin), 
Delphinus glohiceps, Lam., forms an intermediate link between whale oil 
(consisting nearly wholly of glycerides) and sperm oil (a true wax). 


^ Journ. Sac. dhem. lud., 1903, 1357. 


2 Analyst, 1904, 211. 
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Hooper ^ 'examined tlic oil from tlie gangetic dolpliin, Platanisla 
gangetica (local name, .Susu oil, Seliu oil), and dctcnniucd the following 
characteristics : — 


Oil^ 


Specific gravity at 50"* ('. 

0 921 

Saponification vuIiKi 

. 198 8 

lodiiKi value ... 

. lot) 9 

Rcicli{'it-Mcis,sl value 

0 71 

Acid \aluc ... 

. 21 dO 

Fdtli/ Acids — 

rnsoluhle fatty acids 1- unsaponiliahlig per cent 

. 91 

Melting ])oint ... 

. ) * ) 

Neutralisation value 

. 20,7 

Iodine value . .... 

. 110.“) 


No s})(M'maceti could be detected. 

The oil obtained fioiu I he blubbi'r is lvC])t separate fi’oin that obtained 
fiom tlie ca,vities m tlie head a, ml from the jaw of tlu* blaektish. Dolphin 
hodif 0(1 and iJolphin jaiv oil are, ther(dor(‘, (h'seribed sejiaraU'l}'. 

Jioilg ()tl.---'\'hn yi(‘ld of oil from the hJnhber of a doljihm avei-agcs 
from one-sixth to four barrels of 31 -5 gallons (aipacity. 

This oil is of a pale yellow colour. On standing it deposits sper- 
maceti (cetyl palniitate) [Chct'ienl]. Bull' found amongst the liquid 
fatty acids 1 1-3 per cent of an acid having t lie iodine value 2(S;>5, and 
the neutralisation value 313 2 The oil is remaikabh' on account of 
tlu' notabh' a, mount of glyceinhcs of volatihi fatty acids it contains, a 
chai actei istie which it shares with jiorjioise oil, lienee the amount, of 
insoluble fatty acids + unsapomtiabh* is only 93 07 ])er cent {Moore). 

Bull isolati'd Iroin a spi'ciinen of body oil 2 01 per cent of unsaponi- 
tiable matter. 

Jaw Oil M(‘lon oil.” -The pioportion of glycerides of volatile 
acids in the jaw oil, i.e. the oil from the soft blubber contained in the 
head and jaw of tluj blaektish, is larger than in the body oil. 

The jaw oil (as also jiorpoise jaw oil and brown lish oil), is dis- 
tinguished from all other vegetable and animal oils by the extra- 
ordinarily high amount of volatile acids it contains. Hiuk'o the 
proportion of insoluble fatty acids ( f unsajionifiabic matter) is only 
t3tl-28 per cent {Moore). 

The jaw oil has a straw-yellow colour and a not unpleasant smell. 
It IS used for lubricating fine machinery, such as watches and type- 
writing machines. 


' lU'jHnt. IijiIkui Miiscuiii, lOeS lUll. 

“ Vhem. Znl., ion. 

' C'p. Aidihiitt and Dccdoy, Li/hi inihoit mid Lain iruiih, |) ILs. 


[Taulij; 
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Tsujwioto ^ examined the oil from Delphinus longirostrifi Gray 
(Japanese name, Mairuka). He differentiates the oil into three kinds:— 

I. Head oil, a- light yellow liquid yielding only a small quantity 
of ether insoluble bromides. 

11. Body oil obtained by boiling, and body oil obtained by roasting, 
both of wliich yield considerable quantities of ether insoluble 
bromides. 

III. Bejined head oil obtained by cooling a crude oil to -12° and 
removing the stearine. 

He gives the following table of characteristics ; — 

I j Oil tioill IllMlv ^ ! 



1 Oil lioii) 



I Poflmnl 1 


Head 

Onilin': 

Roastiii!.' 

Head (Ml 1 



I’loccss 

PKK (“SS, 


S[)(‘('in(' ^^nivily ... 

, 0 9249 

0'92S() 

0 9307 

0 9259 

Saponification \aUH' .... 

279 7S 

217 22 

2,30 .35 

277-70 ; 

Iodine value 

24 IS , 

1 25 25 

114 :i5 

25 07 

Reinhert-iMeissI \aluc 

ii2-:r 

.30 10 i 

1 1 39 


Refractive iikU'x: at 2 (R 

1 4521 

1 4717 , 

1 4095 

1 4517 

Kutyro-refracfoinctiM' 

40 0 

0!) 0 

(•5 5 

.39 0 

Acid value . 

2 .30 

1 1 90 

3 97 

0 20 

Octobronudc.s of fatt y acids, piTceni 


21 75 



The octobromides contain 71-52 ])er cent of bi online winch seems 
to show that there is present, in addition to clupnnodonic acid, an acid 
of the formula Gjgll 24()2 


PORPorSE OIL 

French— de marsoniu. German Meerschweiotran, 
Schweinfischfran. Italian— 0/?o di porco marino. 

For table of characteristics see ]). 470, 

Porpoise oil is obtained from the brown porpoise, Delphinus phoewna, 
L. In the case of porpoise oil also, we differentiate between body oil 
and jaw oil. 

Body OfL— The body oil was examined first by Chemeul, who dis- 
covered in it “ valeric ” acid, named by him “ acide phocenique.” On 
account of its somewhat high proportion of unsaponifiable matter, this 
oil appears to form an intermediate link between the blubber oils and 
the liquid waxes. 


‘ (Jhem. Remic, 1913 , 72 . 




Chein. Zeit , 190S, SI9. The sj.tc grav. of the u\l (eMtieiitlv bo<ly oil' \\as 0 9302 at l:y^ C.. sapoiuhc vah 222 2, and Maumene 
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The amount of volatile fatty acida is somewhat high. No further 
extended inquiry has been made into the composition of the oil (especi- 
ally into that of the volatile fatty acids) since Chevreurs investigation. 
As the oil can now bo obtained easily in commerce a renewed (examina- 
tion is desirable. No doubt the amount of insoluble fattv acids will be 
found comparatively low. The body oil is pale yellow and resembles 
the dolphin body oil. It is stated to consist of the givcerides of 
“ valeric,” palmitic, stearic, and oleic (and physetoleic. ?) aiuds. 

Tho)uson and Dunlop found a specimen of por])oise body oil to be 
dextro-rotatory, [a]j--- +0-76- (whereas all the liver oils are hevo- 
rotatory). This specimen gave a violet colour in the sulphuric acid 
test descrilied above as a characteristic test for liver (uls (p. 142). It 
is important to note this, as on the strength of this colour t(xst alone 
such porpoise oil might be declared as adulterated with liver oil. A 
specimen of body oil examined by Bull contained d-7 p('r cent of un- 
saponifiable matter. Bull isolated from a body oil 11) bS per cent, of 
fatty acids having the iodine valu(‘ 322 5 and the neutralisation value 
11)14. 

Jaw Oil . — The jaw oil simulatixs the corres])onding dolphin oil in 
its composition. 

TTie jaw oil is (xisily soluble in alcohol at th ; it is therehne 
possible to extract it from a mixture of the body and jaw oils. The 
amount of insoluble fatty acids varu^s from 01 11 and 72 0.3 jier cent in 
skimmed and strained jaw oil, to 90 ,3 pen cent in unskimmed and 
unstraimal jaw oil (Moore). 

In a speciimm of jiorpoi.si' jaw oil Bull found 104 pnr cent of un- 
saponitiablc matter, and 2143 per ciuit of fattv acads having the iodine 
value 31-3 and the neutralisation value 307 3 This points to large 
proportions of (iso)valeiic ” acid. 

The oil is u.sihI, like dolphin oil, for lubricating jmrposes. 


BROWN FISH OIL 

Pl’cnch Iluile de niarsouin hi an. Oonmui Bi a unfL^rliol. 

Italian Oho di pescc porco. 

For tables of characteiistics S('e p 172. 

This oil is obtained fiom the brown fish, Phoewna conununi.s, belong- 
ing to the DelpJiinulw. The characteristics given m the table refer to 
the body oil. The oil has a pale yellow colour, and po.ssesses a not 
unpleasant smell. Like porjioi.se oil it is distinguished by a high 
proportion of volatile fatty acids. Hence it yields only 85'5 per cent 
of insoluble fatty acids + unsaponifiable. The acid value of the specimen 
examined was 1-2.^ 


^ Scliiieider and Hliimeufeld, Chem. lOOf), ,53. 
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Physical and Chemical Characteristics of Brown Fish Oil 


Specific Gravity 
at 16* C. 

Saponification Value 
Mgi Ill'S. KOll 

Iodine Value 
I’lT cent. 

Rciclicii-Moissl 

Value. 

Retractive Inde'c. 

Rutyro-i'etracto- 

iiicter. 

0'9334 

224-8 

111-2 

42-1 

"C 

“ Oegrecb.” 

25 

627 


Physical and Chemical Characteristics of the Jnsohihle Fatty Aciiis 


Irwoluble Acids 
+ UriNaponitiable 
Per cent. 

Specific Gravity 
at 16'’ C. 

Soli(lil>iiig 

Point 

Nciilralisalioii 

M};lUl^ KOll. 

Iodine line 
Pei cent 

Acetyl Value 
Mgiiiis KOll 

85-6 

0*9121 

1 

207 

1*26 

1 

4 55 


The oils from marine animals (lescrib(;(l above were closely ex- 
amined, on account of the commercial importance they ])ossess. The 
chemistry of fish oils from fresh-water fish -with the exception of carp 
oil (p. 423) — has not yet been investigated ; no doubt because these 
oils have only scientific interest. In view of the fact that the iodine 
value of carp oil is much lower than that of the marine fish oils, it 
would appear interesting to examine a larger number of oils prepared 
from fresh-water fish. The fresh-water cel, containing about 30 per 
cent of oil (calculated to dry substance) would seem to be a suitable 
subject for investigation. Possibly a difference might be established 
between oils from marine fish and oils from fresh-water fish with respect 
to their iodine value, although the differences in the seal oils fiom 
Phoca vitulina and Phoca feetida var. siamensis (cp. p. 449) do not seem 
to favour the conjecture, that the oils from sweet-water -fish may be 
generally found to exhibit lower iodine values than the marine animal 
oils, Konig, Thienemanii and Limprichf could not dete(;t jihytosterol 
in the body fat of carp fed on sesame cake and arachis cake. 


^ f. Uiilins. (i. X((ln<is- it. Ckniissm., 11)12 (2S), 177 
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(2) Terrestrial Animal Oils 

Hitherto only four oils, viz. sheep's foot, horse’s foot, neat's foot 
oil, and egg oil had been described under this head, and no differentia- 
tion was made on account of their origin from quadrupeds and birds 
respectively, as egg oil seems to resemble the first-named three oils m 
many respects, such as low iodine value and elaidin test 

Oils from other classes of teriestiial animals did not offer siifhcient 
practical interest to induce an examination. Within the last decade, 
however, the chrysalids, whi(‘h form a by-product of the silk industry, 
have been treated on a commercial scale to recover the. oil contained 
in them. The examination of this oil, carried out by the author, 
showed that, judged by the iodine value alone, it would have to be 
classed amongst semi-diying oils. A further support is found in that 
this oil yields a soft buttery elaidm. 


Although it may be somewhat jiremature to subdivide the terres- 
trial animal oils according to their origin into (1) oils from insects, (2) 
oils from birds, (3) oils from (piadrupeds, this order may be suitably 
adopted in the following enurneiation of these oils. 


CHHYSAUIS OlL^ 

(le rfinjsalide. Herman— 67 o 7 ysufh/cm>f. 

Italian - -Olio di cris(dule. 

This oil is obtained by extracting the chrysalids (pupie) of silk- 
worms (Bomhjjx won) by means of solvents. A sample extracted in 
the author's laboratory with ether fiom a batch of chrysalids (which 
had also been ('xtracted^m a mamifai'-turing scale) yielded 27-2 per cent 
of a clear, dark yellow oil, from wlm-li considerable quantities of crystal- 
line wafts separated. The oil'had the following characteristics . 

Saponiticatjon value ItH 0 

Iodine value 1 

Unsa})onitiable . 't per cent 

Acid value . • ^>2 8 

The annual production of chrysalids in Italy during the period 
1899-1908 was about 16,000,000 kgs. 

The crude oil prepared on a large scale from the same chrysalids 
had a dark brown colour, and n distinct smell resembling that of fish 
oil. By filtering over Florida earth the oil became ranch clearer. 
On standing, solid particles separated as amorphous flocks, no doubt 
due to traces of solvent still adhering to the commercial oil. The 
commercial oil had the following characteiistics . 

1 LowkowitHch, Xrifs. /. IJntcs. d. Nahrgs- u. 0>/nwsv/t., 11)06, xii. 651); 1907, 

‘‘^ 'cp. C. Scerno, Italian patent 385/190/125,423. 
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Spocifio gravity at 40° C. (water at 40°~ 1) . . 0-9105 

Solidifying point ...... 10°-7° C. 

Saponification value ..... 190-0 

Iodine value ...... 110-3 

Unsaponifiable ...... 2-01 per cent 

Acid value ...... 27-51 

Mean molecular weight of the insoluble fatty acids 281-7 
Solidifying point of the insoluble fatty acids . 34-5” C 


Tlie coiisidenibly lower acid value of the conimercial od is due to 
the oil ill the clirysalids extracted by the author having undergone 
pronounced hydrolysis (see Vol. I. Chap. I.). 

In the (‘laidin test the oil yields a soft buttej-y mass. 

This oil being the first obtained from insects/ it became important 
to ascertain whether the unsaponifiable matter contained cholesterol 
like all flie oils and fats of animal origin. 

A considerable quantity of the unsaponifiable matter was treated 
with acetic anhydride, whereby 84-67 per cent of the unsaponifiable 
matter (corresponding to 2-21 per cent of the chrysalis oil) was dis- 
solved, whereas 15-33 per cent (corresponding to 0-40 per cent of the 
chrysalis oil) remained undissolved. This last substance melted 
between 54° and 62° C., and is undoubtedly a hydrocarbon. 

The substance dissolved in acetic anhydride was recrystallised five 
times from alcohol, and finally yielded in the fifth crystallisation crystals 
of the melting point 114° C. 

The details are the following 


Melting point of the 2 ik 1 crystalli.sation 

„ M „ 3r(l 

M M M 4th 

M .1 5th ,, 


107 5.113° 0. 
110-113° 0. 
112-113-5° G. 
111° C. 


Hence the unsaponifiable matter contains cholesterol. 

Menozzi and Morenrhi?' who found “about 10 per cent " ^ of iin- 
saponifiable matter, isolated from this by extraction with 70 per cent 
alcohol ^ a higher alcohol, melting after repeated crystallisation at 
148° C., which they consider differs from the ordinary cholesterol 
Vol. 1. Chap. TIL) and has been named “ honihicesterold’ The acetate 
of this alcohol melted in the impure state at 112-114° C. ; after owe 
crystallisation the melting point rose to above 120° C., and after 
repeated crystallisations to 121)° C. On applying Wuidaus method^ 
a small (piantity of an acetate melting at 114° C., and a larger quantity 

' It may, liowtn'cr. be mentioned tliat /(. Dvhuis stated {Oi/, P(fiiif, and Ding 
Prpor/er, 1903, 24) tliat be bad i)i(;})ared oil Irom the eggs o( locusts. 
licndn'unti dcJla R. Aiaid. dn Lnun, 1908, 9.5. 

’ In a later publication {Rnidicoidi drU(i R. Addd. dei Litun, 1910, 126) it is 
adinitte<l tb;it tins niimher is inmli tofi liigb, for on saponityiiig again Mrnozzi and 
MorescJiL obtained only “ about ” 2'5 jicr ( cut, ubieb is in .satisfaetoiy agre-^ment with the 
figure found by hewkowitM-h. 

^ 111 the ease of the unsaponifiable matter from cantbaiiden fat, wbicli repre.sents a 
waxy matter, tins process did not lead to a sati.sfactory separation of the cliolesterol from 
the concomitant substances. 

BenclUe, 1906, 518. Cp Lcwkowitscb, Jahr/nich d. Chem. 1906, xvi. 406. 
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of an acetate melting at 129° C. were obtained. On passing a pure 
acetate of the melting point 129"^ C. through WirnhwH process, the 
melting point was unchanged. 

Menozzi a'tid Moresch'i further isolated from the unsaponifiable 
mattei two hydrocarbons, one melting at ()2'5'^ C., o])tically inactive, 
and having tln^ composition 02 gH 5 g, and a second oni', which also 
appears to belong to the saturated series, melting at 1 r'-12'^ C. 

Duhmtz^ found the iodine value of an Italian chrysalis oil 1I1-5, 
and that of an oil obtained from the chrvsalids from an Hungarian 
silk works L3(S'7. 1 he statement imuh' by Dulmritz that the oil contains 

a considerable amount^ of hydroxylated acids (d(!t<‘rmined by the 
faulty method of Bc}K‘(hJd cdkI lUzer) leipiires conlirmation. 

Ts'ujmoto" stati's that (‘hrvsalis oil is lieiiig ])repared m Japan by 
steaming the powdered dry chrysalids and ('xpressing tlu^ mass in a 
screw or wedge ])ress. A specimen of fupw was found to contain 

Cil . 2(1 (1 ))('r ('(‘lit 

Adi . . 3 77 „ 

Water . 5-48 „ 


By (extract ing with pi'troleiiin ether boding Ixdow 80^ (h, an oil 
was obtained having th(‘ following chaiacteristies •— 


Oil— 

(Specific gravity at IT) rC ('. . 0 9280 

Saponilicatioii \alue 1114 [2 

lodiiK' value ]]]\ ()(| 

Reichert- iMeissl \alue . ;p;{S 

Llnsaponiliahle inattei ] (ili 

4’ruo acetyl value (f.ewkowilscli) 19-72 

Refractive iiuh'x at 20'" . . 1-4757 

Fa III/ Acids — 

liis’oluhle fatty acids | unhajiotiiliahle . 94 5 jicr cent 

Specihc gra\ ity 100“ ('. (water at 15 5 I ) 0 8513 

Melting point . 30 5° C. 

Solidifying jioint . . C. 

Neutralisation valu(‘ . . 199-31 

Mean molecular weight , 281-43 

Iodine value . . , 135-83 


The oil had the acid value LS OS. Tlie fatty acids were resolved 
by the lead-salt-ctlier method into 75 ])er cent unsaturated fatty acids 
(of tlie iodine value 17S-73) and 25 jier cent (by difference) of saturated 
fatty acids (of the melting point 57'" C.). Amongst the saturated 
fatty acids palmitic acid was identifieil ; stearic acid is probably not 
pnesent. 

^ Sci/eavcdn Zat., 1908, 1281. 

“ Join It. VoUrqc of Kikj. Tohuo Imp. I'nir.^ 1908, vol u. No. 3. 'I’liis author 
refeiH in a footnote to three pajaus jnililished in 190.7 (oi ./a/aon-.sr) : “(Ihrysahs Oil 
Manufacture m the Nagano and Gimnia I’t-efeetuies,” lU-pott of Indu.sti. E.rpur. 
Ftatum, Tolcyo, vol. n 1905, 473 ; “On Chrysalis Oil,” l»y K. Zasslii ; and “On the 
Fatty Acid.s of Chrysuhs Oil,” by K. Zasshi. 
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The unsaturated fatty acids consist of oleic, linolenic, and isolino- 
lenic acids. The amount of ether-insoluble bromides — meltin" at 
178° C. — was 11-94 per cent, corresponding to 4-38 per cent of linolenic 
acid (including isolinolcnic acid). 

The unsaponifiable matter after recrystallisation from 90 per cent 
alcohol yielded crystals, melting at 138-5° C. ; after repeated purifi- 
cation they melted at 143-5° C. Their crystalline form is stated to 
clos(4y resemble that of phytosterol. The acetate obtained from this 
alcohol by Bonier s method melted at 125-5° C. From a second sample 
of chrysalis oil Tsujimoto obtained an alcohol, melting at 137-139° C., 
the acetate of which melts at 125° C. Tsujimoto concludes therefrom 
that the alcohol in chrysalis oil is phytostcrol. 

The melting points found by Lewkowitsch in five crystallisations 
(see above) would seem to exclude the possibility of a small amount 
of hydrocarbon having been persistently retained by the acetate (cp. 
tables “ Melting Points of Cliolesteryl Acetate with Paraffin Wax ” 
under “ Lard ”). The fact that Menozzi and Moreschi, after separating 
off the hydrocarbons carefully and applying Windaus' method of 
separation, did obtain an acetate melting at 114° C. in addition to 
bombicesterol would seem to prove that what Tsujimoto regarded as 
phytosterol ” was in truth a mixture of cholesterol and bombicesterol. 
Indeed in a later publication Menozzi and Moresch ^ admit that the 
unsaponifiable matter contains ordinary (bile) cholesterol. 

Since this oil can be obtained without difficulty, it is destined to 
find an outlet in the soap industry m considerable quantities. 

Tsujimoto ^ refines crude chrysalis oil by shaking it with 5 to 10 per 
cent of 50 per cent sulphuric acid at 100° 0. ; subsequently washing 
and treating with Kambara earth at 130° 0. By these means the 
unpleasant smell is removed. 

Tsujimoto states that chry.salis oil is as suitable for hardening as 
blubber oils, as he has obtained from it solid fats melting at 56° C. and 
having the iodine value of 35 to 45. 

Doree^ extracted the entire silk-worms and obtained crystals which 
“ answered the descrijition given by Menozzi and Moreschi for bombi- 
cestefol,” but no definite statement can be made. 


CANTHARIDEN OIL ^ 

Caiithariden oil (from Lytta vesicaria) is obtained as a by-product 
in the manufacture of canthariden. The oil contains about 9 per cent 
of unsaponifiable matter (of a waxy consistence) from which pure 
cholesterol could be separated. 


^ Reiulicimti della H. Aecad, dei Lmrei, 1910, 126. 
“ Jouiii. Vhem hid., Tokyo, 1914, 191. 

Ihorhem. 'Aeils , 1909 (4), 84. 

^ Welsch, hiaug. Dissert., OHVnLacli a/M., 1909. 
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EGO OIL 

French — de janue d'wuf. (h‘inmn Eierol. 

Italian -Olio di novo. 

For table of characteristics see p. 478. 

Egg oil is prepared commercially from the yolk of haul-boiled 
hens’ eggs either by pressure or by solvents. AnotluM- pioeess consists 
in separating the yolk of fresh eggs from the white, and heating the 
yolk until the bulk of the water has evaporated otf. The dried mass 
is then placed in bags and expressed between hot jilates. The expressed 
oil is then filtered. PaJadmo a7)d Toso ^ obtained, by exjn i'ssmg boded 
eggs, 25 to 35 per cent of oil ; by using ether as a solvent, 19 

per cent only. The ethereal extracts contain, besides egg oil, other 
substances, notably lecithin ; hence the extracted fat is more readily 
soluble in alcohol than it would appear to be, judging from ils com- 
position in the absmice of lecithin. Jiarhieri^ exjnesses an opinion 
that no lecithin occurs in egg yolk. 

The expressi'd oil has a yellow colour. The extracted oil, freed by 
filtration from- other ether-soluble substances, was semi-solid and had 
an orange-yellow colour. The specimen examined by Kid contained 
0’2 per cent of lecithin, and 1 5 per cent of cholesterol ; its acid value 
was 1-2. Cap'penherg states that egg oil contains on an average 3 
per cent cholesterol, without adducing any exjierimental jiroof. 

Egg oil gives the claidin reaction. The ai'etyl value 11 -9 recorded 
by Kid does not necessarily point to the presenci*. of hydroxylated 
fatty acids, since even if the number itself were not ojicn to doubt on 
account of a faulty method having been applied (cp. Vol. I. Chap. VI.), 
the high amount of cholesterol in th(‘. oil conditions a notabhi acetyl 
value. 

According to Paladino ^ (‘.gg oil contains oleic, palmitic, and stearic 
acids. He also states that formic acid is jirescnt ; this would, however, 
seem to reipiire confirmation. 

' Aiialysf, 1806, 161. “ Chnn. Zat., 1807, 603 

’ VII. I uti'i iiatKuK/l CotKji Sect IV A. ‘2, 62 ; icud., 1010, 40.1 

‘ /hoihcDi Zci/s , 1900, 306. 
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Analyst, 1896, 161 Capillary tube method 
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In the commercial determination of the fatty oil in the yolk, the 
choice of the solvent is by no means immaterial. Jean ^ has shown 
that by extracting one and the same specimen of dried yolk with the 
following solvents : petroleum ether, ether, carbon bisulphide, carbon 
tetrachloride, and cliloroform, the following respective ])roportions of 
oil were obtained : 48-24 per cent, 50-83 per cent, 50 15 per cent, 
50-30 per cent, and 57-06 per cent. Another specimen of yolk was 
extracted successively with the three solvents ; petroleum ether 
extracted 27-3 per cent of oil ; the extraction with (‘ther then yichh'd 
1-05 per cent; the subseipient extraction with chloroform fuinisln'd 
an additional 1-37 per cent. Yignon and Mcnnieur^ reconiimnul 
chloroform as best suited for the extraction of egg oil, and ])ublishcd 
the following results : — 


i 

Oil 

Tci ('(Mil 

IdSinc V.iliio 1 
olOil 

1 

riisaiiMiulKtble ' 

M.dtci j 

I’ll LCIlt 

JMu.sitlmi us 
(mI< nl,it(‘il 
lu I’luisplmi ic 

Xccl (l' 04 ll;i). 

i’ci { 1 iiL. , 

1 — „ 

— 

i 

j . 

- -- 

llc-n’s . 

j 32 '7 

7)2 

0*2 1 

1 

2 .33 

Duck’s egg 

1 38-9 

37 ‘4 

i _ _ 

! 27 

T91 


The saponification value of egg oil extracted from hens’ eggs with 
petroleum ether was 188, and the refi’ai’tive index at 20-2 Y, TI655. 

iSV/mm and Falazzi extracted the egg yolk with alcoliol,aiid separatiul 
the extract into two fractions by means of acetone. I he portion 
soluble in acetone contained a lecithin in which were found oleic and 
palmitic acids. Smaller ipiantituss of phosphorus compound containing 
a higher fatty acid were found. Tli(‘ portion soluble in acetone 
( i ystixlliscd from the solvent in thin Hat blue tluorescent ncedh'S, which 
on exposure to light and air darkened to red brown ; on cooling those 
crystals cholesterol separated out. Jly extraction with ether these 
authors obtained a (dear yellow light substance li<(uid above 15°, and 
having the specific gravity at 15° 0-9115-0 9527, the saponification 
value'^lOS-S, iodine value 82-3, acetyl value 3-82. The fatty acids 
melted at 36-38° 0. 

Egg oil finds commercial application in the leather industries for 
“ tawing.” As regards its employment m tempera painting, cp. 
German patent 187,211 (Liqms). 


The terrestrial animal oils from quadrupeds are characterised by 
low iodine values, lower than those of tho non-drying vegetable oils, 
and by low thermal reactions. They yield solid elaidins with nitrous 
acid ; chemically, they are readily difierentiated from vegetable oils 
by jneans of the phytosteryi acetate test. 

^ Zeits. f, Unters. d. Nahrys- u. (kiiumn., 1904 , 232 . 

Colley inm, 1904 , 128 , 129 . 
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In addition to the oils obtained from the feet of sheep, horses, and 
of neat, the liquid fats obtained from lard, horse fat, bone fat, and 
tallow by pressing would fall under this head. The last-named oils 
are, however, more suitably deseribed: in connection with the raw 
material from wliich they are derived. 


sheep’s foot oil 

French -Iluik de pnv/.v de mouton. GeA-man—Hiunjuelklauenol, 
SchafpfoleiioL Italian— 0/?o di piede di mo)done. 

For table of characteristics see p. 481. 

Tliis oil IS obtained from sheep’s trotters in the manner described 
under “ Neat’s foot od ” (see p 484). The sample examined by the 
author (see table) was prepared in the laboratory. 

Sheep’s foot oil much resembles neat's foot oil, and is, as a rule, 
sold as such. This oil has been adopted by jhmujat and Jean as the 
standard {huile iype) for their olco-refractometer. 


[Table 
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» horse’s foot oil 

Yrench—Iluile de pieds de cheval. German — Pferdefussol. 

Italian — Olio di piede di cavallo. 

For tables of characteristics see p. 483. 

This oil IS obtained from horses’ feet by boiling them with water. 

It is not met with in commerce under its true name, and what is 
described as horse oil is more or less the lupiid portion of horse fat. 
The horses’ feet are usually boiled out together with neats’ feet and 
sheeps’ feet, and the resulting oil is indiscriminately sold as neat’s foot 
oil, or at least as '' animal ” oil. 

The specimen rendered in the author’s laboi-atory contained, even 
after filtering, certain impurities, so that the oil gave several colour 
reactions which were previously considered as characteristic of marine 
animal oils (cp. p, 406). The oil had a high acetyl value, viz. 9T-10-3, 
due to changes caused by contact with organic impurities. 


[Table 
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♦ 

neat’s foot oil 

French — Huile de pieds de hmif. German — Ochsenklauendl, 
Rinderklauenol. Italian — Olio di fiede di hove. 

For tables of characteristics see pp. 487, 488. 

Neat’s foot oil (Ohimi huhnlum of the British Phaniiacopooia) is 
obtained from the feet of cattle by boiling with water. In this country 
the preparation of neat’s foot oil is chiefly carried out in small estab- 
lishments, in which the by-products and waste material of the slaughter- 
houses are worked up (“ tripe shops ”). The feet are carefully scraped 
and washed, the hoofs are cut off, and after the hair has been removed 
they are boiled with water in jacketed pans heated by steam, the 
water being kept simmering for eight to ten hours. The oil rises to the 
top, and IS skimmed off from time to time by means of suitable skimmers. ^ 
The oil is then allowed to settle in a warm place, salt being sprinkled 
on the top to facilitate the separation of the water. Finally, the oil 
is washed with water, in order to remove any gluey substances, and 
filtered. On cooling some “ stearine ” is deposited. In the production 
of the best kind of neat’s foot oil having a low cold test, the clear oil is 
decanted off the “ stearine.” Such decanted oil has a cold test of 
about 26° to 28° F. The oil prepared in an establishment standing 
under the author’s supervision was obtained in this manner. 

On a large scale neat’s foot oil is obtained as a by-product in the 
centres of the meat packing trade, such as in the Chicago stock yards 
and in the South American establishments. There the feet are taken 
in their fresh state from the slaughter-houses (“ killing-beds ”), washed 
free from adhering blood and dirt, and sawn by a circular saw into 
suitable sizes for further working up. The chief object of sawing off 
the feet is to separate the more costly shin bones from the feet proper, 
which latter yield the genuine neat’s foot oil. The fatty matter con- 
tained in the shin bones approaches somewhat in consistence horse- 
or beef-marrow fat (see below), as the case may be. When kept separate 
it is sold as “»bone oil ” (French — Huile d’os ; German — Knochenbl), 
five samples of which examined by Fahrion had the following char- ^ 
acteristics : — 



>■ 

11. 

HI. 

IV. 

V. 

(Saponification value 

196-1 

191-3 

190-3 

186-7 

192-6 

Iodine value .... 

74-2 

67-4 

79-6 

79-8 

79-0 

Acid value 

9-0 

3-8 

2-4 

6-2 

4-2 

Melting point of fatty acids . 

34 

28-29 

1 14 

21 

13 

Mean molecular weight . 

279-6 

280-8 

j 284-7 

294-8 

279-0 


This oil must not be confounded with neat’s foot oil, nor with bone fat. 
It is, however, customary in America to recover the oil from the shin 
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bones, together with the neat’s foot oil, by boiling the shin bones with 
the feet. Therefore, American oil has a higher solidifying point than 
that prepared as described above. The feet are scalded by immersion 
in boiling water for from 10 to 15 minutes in order to loosen the hoofs, 
which are removed by a special machine— the “ hoof-pullor.” The 
boiling out of the hoof must be avoided, as otherwise some colouring 
matters contained in the hoof would pass into the oil and depreciate its 
value. It will be readily understood that the greatest speed in the 
working up of the oil is required, as contact with the putrescible animal 
matter is apt to set up secondary reactions which load to the production 
of a low class oil, containing a high proportion of free fatty acids, and 
having a dark colour and an unpleasant smell. 

The further treatment of the oil is very similar to the one described 
above. The oil is skimmed off as it rises to the surface, hlteriHl roughly 
through a fine wire screen, separated from water as far as possible, 
and then run into vessels provided with close steam coils. Steam 
is passed through the coils and the water still contained in the oil 
thereby driven off, whilst at the same time organic impurities (albumen) 
become coagulated. The dried oil is finally obtained m a perfectly 
limpid state by filtering. 

Neat’s foot oil is pale yellow and has a bland tastiu Properly jire- 
pared oil contains only a very small amount of free fatty acids. On 
standing the oil deposits “ stearine.” The glycerides contained in 
neat's foot oil consist of palmitm, stearin, and olein. Linolin ajipoars 
to be abseuit, for Code ami Shelbourn found amongst the oxidation 
products of the liquid acids of neat’s foot oil dihydroxysti'aric acid 
only. The amount of unsaponifiable matter vaiaes from 0*12 to (>G5 
per cent. 

Oommorcaal samples of European neat’s foot oil, even if not 
sopiiisticated with non-ammal oils, consist mostly of true neat’s foot 
oil mixed with sheep’s foot and horse’s foot oils. Frequently tallow 
oil (“ animal oil ”) recovered from greases (see Vol. III. Chap. XVI.) 
is substituted for neat’s foot oil. American neat’s foot oil mostly 
contains the oil from the shin bones, which is properly speaking a 
marrow fat. Hence the solidifying point of American oil lies as a rule 
above O'’ C. American oil is also frequently adulterated with pig's 
fgot grease. The chief determinants in the valuation of the oil arc 
^colour, smell, low freezing point, and freedom from free fatty acids. 

A comparative examination of the characteristics of neat’s foot oil, 
tallow, and horse oil has been made by Gill ami Rowe} who give the 
following figures 


* Jouni, Ayncr. Chan. Sor,, 1902, 460. 


[Table 
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Colour, etc. 

Specific 
(iravity. 
I5‘' C. 

Maumen^ 

Teat. 

Iodine 

Value. 

Titer Test. 

Neat’.s foot oil (1 ) 


0 015 

42-2 

72-0 

10-20 

(2) 


0014 

42-2 

72-0 

18-10 

(3) . 


0010 

40-5 

07-1 

17-18 

, „ „ (4) . 


0010 

42-2 

72-1 

10 

„ {r>) . 


0 010 

42-2 

00-0 

25 5-26-5 

Tallow oil (1) 


0-704 

35-0 

55-8 

35-30 

„ (2) . . 

. 

0 704 

35-0 

50-0 

30-5-37 5 

„ (3) . . 

1 

0-704 

35 0 i 

,70 7 

;M-.5-,35-5 

Korso oils and fats (1 ) | 

1 

White lirowri 
somi-Ouid 

0-010 j 

40 0 


32 .5-33 5 

(2) ; 

Dark brown 

0-010 

52 1 

82 5 ! 

.30 0-31 0 

1 

semi-liqiiid 


i 



,, . (3) 

Yellow brown 

0-022 

1 54-7 

80 3 ! 

25-0-20 0 


li((nid 

at 100" D 

1 



. . V (4) 

(lolden brown 

0-708 1 

54 2 

70 0 J 

30-31 

. „ „ (.)) 

nearly solid 
Veiy like (4) 

0 700 

53-5 

78-8 

! 

31-35 

- - - 








For tlie purposes of the leather industries a low “ cold-test ” is of 
especial importance, as the finished ^dazed leathej’ bec^omes coated 
with a film of “ stearine ” in cold weather, if neat’s foot oil containin^^^ 
a considerable ({uantity of stearine ” has been used. 

The hii(h price of the oil is an in(;cntive to fraud. It is largely 
adulterated witli vegetable oils, sucli as rape oil and cotton seed oil. 
Fish oils (blubber oils, whale bone oil) and mineral oils an*, also used 
for the same purpose. These adulterants can Ix' (vasily detected by 
determining tlio iodine value. If the amount of added vegetable oils 
be so small that the indications furnished by the iodine value of the 
sample, the iodine value of the Inpiid fatty acids, the saponification 
value (rape oil), and other chemical or physical tests, do not lead to 
decisive results, then their ])r(\s(*n(‘e can be unmistakably ascertained 
by the phytosteryl acetate test. In order to circumvent this te.st, 
vaseline oil (paraffin wax) is added. 

Fish oils and blubber oils are best detected by the liromide test ; 
mineral oil is easily determined and Identified by examining the “ un- 
saponifiable ” matter. 

Neat’s foot oil is a valuable lubricating oil for clocks, guns, sewing 
machines, and other delicate machinery. (A specimen of true neat’s 
foot oil required in Redwood's viscosimeter at 14(F F., 70 seconds ; 
and at 200° F., 43 seconds.) It is largely used in the leather industry, 
in which jiractically the total quantity of neat’s foot oil made is con- 
sumed as “ fat liquoring ” for the treatment of hides and skins for the 
manufacture of the more delicate grades of leather (gloves, etc.). In 
the preparation of fat liquors the neat’s foot oil is emulsified by the 
addition of castor oil soap.^ 

^ 0. Kralincr, Ghent Revue, 1910, 1303. 


[Table 




^ American oil. 

Oil rendered in the laboratory, hence stilbcontaining steariiie, which lo removed on a large scale b}' le^Vl^t^atlnf^ 
Iwo specimens of oil rendered in the laboratory. A\erage of samples rendered in the laboratcrv. 

Means of eleven samples of pure commercial oil. " Freed from siearme 
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Dunlop (Analyst, 1907, 318), obtained from calves^ feet a white 
salve-like fat of the iodine value 71-8, and the refraction 59-0 “ degrees ” 
at 25° C. in the butyro-refractometer. The oil filtered from this 
product at 13-3° C. had the iodine value 74*1. 

The fatty oil from Cydnus indices (Westw.), an insect known in 
India through its aromatic odour, had the following characteristics : — 


Specific gravity 15-6*^ . ... O-ifllif) 

Saponification value . . , l()*l 

Iodine value . . . 49-1 

Insoluble fatty acids fiinsaponiliablo . . . 94 8 


Horse Oil (see under “ Horse Fat ”)• 
Lard Oil (see under “ Lard ”). 
Tallow Oil (see umh'r “ Tallow ”)• 


In Franiie oil prepared from alligators by boiling out comminuted 
flesh with water is sold under the name of “ Jacare ” fat. It is used in 
admixture with fish oils in the leather industry. The alligators from 
Madagascar yield a haider fat tlian the American ^ 


* (yxiii /{eviic, 1 !(()•!, S7 
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11. SOLID FATS 
I. Vegetable Fats 

Vegetable fats are obtained from plants widely distributed over 
tropical and sub-tropical regions. In the world’s markets hitlicrtp 
only a few have acquired considerable commercial importance. These 
are palm oil and its kernel oil, and cocoa nut oil ; cacao butter and 
Japan wax rank next. There is, however, no doubt that in the near 
future large (luantities of vegetable fats will become available for 
industrial purposes as the conditions of communication and transport 
(both by land and sea) with the countries of their origin improve. 
Tropical Afuca, es])ecially tropical West Africa (Nigeria, the French 
Colonies, and tlu' Soudan), the Last Indies, the Suiida Islands, and 
South Sea Islands, the vast regions of tropical South and Central 
America are bound to furnish in future large quantities of fats. At 
present the enormous tracts of French Nigeria, of the Soudan, and of 
Indo-China are being systmnatically explonnl for fruits lila^ly to yield 
vegetable fats. 

The vegetable fats are chietly found accumulated in the seeds. 
Vegetable tallow of (Jima, however, forms a coating round the seeds ; 
and in the case of palm oil the fruit flesh contains considerabh; (juan- 
tities of fat, which difTers in its chemical conqiosition from the fat of 
the seiul (palm kernel). Wliilst, tberefori', the jialm fruit would be 
analogous to tlu' olive fruit, m that it yiidds a fruit oil and a kernel oil, 
there is this characteristic ditlerence that olive kernel oil has practically 
the same composition as the oil from the pulp of the fruit. Ouara oil 
and ouara kernel oil simulate palm oil completely. 

The members belonging to this class are solid in temperate climates. 
They present, however, a varie,ty of gradations from the siTft, buttery 
mass of laurel oil to the hard, wax-like Jajian tallow. As the hardness 
of the fats increasi's approximately m direct proportion to the dei'rease 
of glycerides of oleic acid and linolic acid, the iodine value would most 
aptly determine, m the absence of other more striking chemical char- 
acteristics, the order in whicli the individual fats .should be enumerated. 

I have, therefore, grouped the vegetable fats in the first instance in 
the order of their iodine values. 

Palm nut oil and cocoa nut oil, however, have been placed together 
as undoubtedly constituting, with mocaya oil, maripa fat, and similar 
fats, a well-defined group, differing from all other vegetable fats by 
containing a considerable amount of glycerides of lower fatty acids. 
In this respect they resemble to some extent butter fat. 

As other natural groups I have branched off the chaulmoogra oil 
group, comprising three oils (belonging to the Flacourtiaceae), which 
occupy an exceptional position on account of the high dextrorotatory 
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powers they possess ; the myristica grouj), characterised by the large 
proportion of myristin, which the members of this group contain ; the 
dika fat group, cliaracterised by the very large proportions of laurin 
(larger than in the fats of the cocoa nut od group) contained in dika fat, 
tangkallak fat, ca^^-cay fat, and kusa fat. 

Further groups are fornufd by (‘lassifying the oils relating to laurel 
oil, palm oil, and ca(*ao butter. The fats relating to the cacao butter 
group arc characterised by the large proportion of glycin-ides of stearic 
acid which they contain. 


Chaulmoogra Oil Group 

{a) (UIAULMOOORA OIL ^ 

French — Hnde de chaulmoiigra {chahnouf/re). (lerman -Chauhnugraot . 

Italian — Oho dl chauhnmjra. 

For tables of cluiraideristics see p, 492. 

Cliaulmoogra oil is olitained from the sihmIs of Taraktogenos hiirzii, 
King ; II yd nocarpus KiirzH, Warb. ; and Ilydnocarpus lieteropfiyllas, 
Kurz,- a tree indigenous to Ibiimah and Assam. 'Die amount 
available in the Shwegyin division of Burmah is estimated at about 
1 0,000 Ihs.^ The seeds contain a hydrolyfic enzvme, so that a high acid 
value of an (expressed oil must be ex])lained by hydrolysis having 
taken place whilst the seeds were crushed (cp. Vol. 1. Chap. 11.). On 
bruising the seeds this enzyme causes a small (juantity of hydro(‘yanic 
acid to be generated^ from a cyanogenetic glucoside contained in the 
Seed. Fi'om old seeds no hydrocyanic- acid is evolved, the cyanogen 
compound evidently becoming decomjiosed in the stored seeds. 

In the older literature chaulmoogia oil lias been confounded with 
gynocardia oil, owing to the facd that the seeds of Tarakfogenos and 
Gynocardia are very similar in appearance. Tlui researidies of Power 
and his collaborators have finally cleared uf) the difFicuIlies surrounding 
tli(‘ identity of cliaulmo(»gra, Jiydnocarpus, lukrabo, and gynocardia 
seeds ^ (For the older literature cp. third edition of this work, p. G94 
and I). Hooper, “ Agricultural Ledger,” 1905, No. 5). 

At the ordinary temjierature (‘haulnioogra fat is of buttery con- 
sistence ; it has a faintly yellow colour and a (diaracteristic odour. 

The most characteristic physical jiropcrty of the fat is its high 
rotatory power ; this rotatory power is due to the configuration of its 
fatty acids. The specific rotation of the oil is [a | - + 52° (expressed 

oil) ;-h51‘3 (extracted oil). The specific rotation of the mixed fatty 

^ Power and Goriiall, Jovrn. CJiem. Soc., 1904, 81u. 

Guiiiiiio, Ohe7!i. Revue, 1911, 102. 

Pearson, “ Indian Agricultiinst.” 

Indeed, a .specimen thus obtaiiieil by Power and Goriiall had the acid value 23'8. 

® Cp. also Greshotf, /Unmn. Weekhlad, 42 (1905), 102 ; and “Linseed Oil,” p. 48. 

8 Cp. Pabisch, Clirm. Revue, 1913, 267. 
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acids is [a]„ = +52-6® (in chloroformio solution). The mixed- fatty 
acids consist chiefly of homologous acids of the “ chaulmoogric series,” 
0n^2n-fi,; the highest homologue isolated hitherto is chaulmoogric 
acid. Power and Barrowclijf^ identified also hydnocarpic and palmitic 
acids. Undecylic (cocinic) acid and hydroxylated acids, stated by 
Moss ^ and Schindelmeiser ^ to occur in chaulmoogra oil, are however 
absent. 

On destructively distilling chaulmoogra oil Lewhowitsch ^ obtained 
dextrorotatory hydrocarbons. A purified gynocardia oil is sold under 
the name of “ Antileprol.” 

Chaulmoogra oil has been chiefly used in the treatment of leprosy 
and^ various skin diseases, not only in Indo-China and Siam but also 
in Europe. It is also prescribed in the incipient stages of tuberculosis. 
Ihe preparation of methyl- and ethylesters of the mixed fatty acids 
for medicinal purposes have been patented by Farhenfahriken, vorni., 
Fr. Bayer d Co.^ 


Physical and Chemical Characteristics of Chaulmoogra Oil 


Specific Gravity. 

1 

Saponification 

Value 

Iodine Value 

Observer 

At*0. 


Mgrms. KOH. 

Per cent. 


... 


204 

90-4-90-9 

Lewkowitsch '' 

25' 

0‘951 

213 

103*2 

Power and Goi nail 

46’' 

0*940 




25*^ 

0*952 

208 

104*4 


40 

0*942 

200-3 

97*8 

Rainsch® 


Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Solidifying 

Point. 

”C. 

Melting Point. 
”C. 

Neutralisation 

Value. 

Iodine Value. 

Observer. 

Titer Test 





39*6 



86 

Ijewkowitsch 


44-45 ’ 

215 

103*2 j 

Power and Gornall 


' ^ourii Chem Si>c., 1905, 896. 2 

Jienchte, 1904, 165 (wliere tho oil is described as trviiocardia oil) 

^ Berichte, 1907, 4161. 

‘ Gmnau patent 216,092. <■ Commercial .sample exaniined in 1890. 

Expressed fat. « Extracted lat. • Specific rotation + 56 “. 
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(h) HYDNOCARPUS OIL ^ 

French — Huile de hydnocarpus. German — Hydnocarpusol. 

Italian — Glia di hydmcarpus. 

For tables of characteristics see p. 494. 

Hydnocarpus oil is obtained from the seeds of Hydnocarpus Wigh- 
tiam, Blume. Grimme^ gives as synonymous with Hydnocarpus Wigh- 
tiana the names H. inehrians, Wall. ; Munnicksia Wightiana, Dennst., 
a tree indigenous to the western peninsula of India from South Concan 
to Travancore. The tree belongs to the same natural order as Tarahlo- 
genos Kurzii, King (yielding chaulmoogra oil, p. 491), and Hydnocarpus 
anthelmintica, Pierre (yielding lukrabo oil, p. 495). The kernels form 
70 per cent of the weight of the total seeds and yield under hydraulic 
pressure 32-4 per cent of fat. On completely extracting the com- 
minuted seed with ether 41 *2 per cent of fat is obtained. 

The fat is a soft solid at the ordinary temperature ; it has a faintly 
yellow colour and a characteristic odour. The most characteristic 
property of the oil is its optical activity ; [a] „ = -1- 57-7° (expressed oil) : 
+ 56-2° (extracted oil). The rotatory power is due to the presence 
of hydiiocarpic and chaulmoogric acids (Vol. I. Chap. IIL). 

The expressed oil had the acid value 3*8 ; the extracted oil 7’4. 
The unsaponifiable matter of the fat was identified as phytosterol. 

The mixed fatty acids are optically active; [a]f, = +60’4° (in 
chloroform). From the mixed fatty acids there were isolated, by 
crystallisation from alcohol, chaulmoogric acid and its lower homologue, 
liydnocarpic acid. The acids contained in the alcoholic mother liquor 
yi(‘lded, on distillation under 20 mm. pressure, the following three 
fractions : — (1) Fraction boiling at 220-225° C. These acids absorbed 
129-1 per cent of iodine, and had [a]„ = -}-41-9° (in chloroform). (2) 
Fraction boiling at 225-230° C. The acids of this fraction absorbed 
131-1 per cent of iodine, and had [a]„ = +46-6° (in chloroform). (3) 
Fraction boiling at 230-235° 0. These acids absorbed 140-7 per cent 
of iodine, and liad [a]„- +50-4° (in chloroform). The high specific 
rotatory powers of these fractions point to their containing large 
proportions of acids belonging to the chaulmoogric series. On the 
other hand, their high iodine numbers indicate that they contain an 
acid or acids belonging to the linolic or linolenic series. No palmitic 
acid could be obtained (difference from chaulmoogra oil). 

Hydnocarpus oil has been suggested as a substitute for chaulmoogra 
oil in its pharmaceutical applications, and has been used in the Bombay 
Presidency with satisfactory results. The seeds are not yet. an 
article of commerce. The oil was imported into Germany under the 
name of “ Cardamom oil ” or “ Marotti fat,” and used in the manu- 
facture of margarine before its toxic properties were known. 

^ Power aud Bar^owcliff, Joum. Chm. Soc., 1905, 886. 

* Chem. RevuCf 1911, 131. 



494 


GLYCERIDES— VEGETABLE FATS 


CHAP. 


Physical ami Chemical Characteristics of Hydnocarpus Oil 


Specific Gravity, j 

! 

MeltJiiK 

Point. 

Sajionification 

Value. 

Iodine 

Value. 

Jtcfractive 

Index. 


1 

! 





Specific Rotation. 

At“C. 

1 

"G. 

MKnns. KOH. 

Per cent. 

Biityro-Jle- 

iractoineter. 


25 

0-958 I 

22-23 ; 

207 

101 





... 1 

i 

102-5 2 



20 • 

0 955 3 

22-25 ; 

202 7 i 

97-(i 

81-5 

- 79 1 4 

20 

0 958 1 

22-24 ' 

204-0 

96.8 i 

78-() ! 

-74-8 8 

1 ... 



203 7-205 3 ■ 

93-94-7 « i 

70-4-7 1-3 

[-58-8 to d-04-5’ 




203 5-208- 1 

88.5-94 8 

69-7 71-1 

1 

-1-54-0 to -1-58-0 







; 


Physical a)\(l Chemical Chaiacterisiics of the Insoluble Fatty Acids 


Melting Point. 

Noiitialis.ation 

V.ilue 

1 

lodino Value. 

_ - - 

'C. 

Mgnns KOU i 

Pei cent 

41-44 

; 2M0 

106-3 





The mixed fatty acids of marotti oil consist of 61 -03 per cent of 
saturated fatty acids and 37-98 per cent of unsatiirated fatty acids. 
The saturated fatty acids melted at 36-41° C., and had the mean mole- 
cular weight 272-1. The unsatiirated fatty acids melted at 30-31° C., 
and had tlic mean molecular weight 279.^'^ 

A specimen of fat from Ilydnocarpas nZpOni repiesented a yellowish 
butter-like substance, and had the saponification value 209-0 and the 
iodine value 84-5. The rotation was [a]"^ - -I- 49.^^ 

The poisonous properties of these oils arc probably due to the 
internal (-onfiguration of the fatty acids, and not to an extraneous 
toxic substance, as after repeated purification the fat still retains its 
poisonous properties. 

Wolff and Koldewijn give the following characteristics : — 


^ Expri'ssfil Dll. “ Extracted oil. 

Giiiniiie, Chem. Rtrur, 1911, 13*2. 

Caidainoin oil. *'’ Miirotti tat. 

** Crude ciirdainorn oil. 

^ Reinsch, Cliein. XeU., 1911, 77. 

^ Ketiued curdamoiti oil. 

^ Knorr, Scifensicder 1912, 436. 

Lciidncli, Koch, and Schwarz, Znis. /. Untns. d Kahigs- u. (knimm., 1911, 
22, 441. 

“ Pharm. Weekblad, 1912 , 1049 . 
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Specific gravity at 100'* C. . . . 0-898 

Solidifying point .... 22-5 

Molting point . . . ; 22-26 

Saponification value . . 207 

Iodine value . 84 

Acid value . . 0-35 

Refractive index at 40° 0. . 1-4709 

[al . . . ].49-5 


(c) LUKRABO OIL^ 

Frcncli — II vile de lulraho. Cloniian- Ltikyahool. 

Italian — Olio di luhaho. 

F or tables of characteristics see pp. 495-6. 

Lukrabo oil is tlie fat obtained from Ilydnorarpns nnthehnintiea, 
Pierre, a tree indigenous to Siam, northern Cocliin (9una, and Camboja.'^ 
The tree belongs to the same natural order as Taraktoycnos Kurzd, 
King (yielding chaulmoogra oil, ]>. 491), and Hiyhiocarpas Wujhliana, 
Blume (yielding hydnocarpus oil, p. 493). The seeds are expoited to 
China under the name of Lukrabo ” (“ krebao ” seed of (/amboja ; 
Annamite, “ Chung-bao,’^ Chumba.o ” ; Chinese “ Dai-phongtu ”). 
The kernels form 31-2 per cent of the total seeds. On subjecting the 
seeds to hydraulic jiressure an amount of fat eipiivalent to 16-3 per 
cent of the entire seeds was obtained. By eomjilete extraction with 
ether the amount of fat rose to 17*6 per cent. This fat is, at the ordinary 
temperature, a nearly white solid, having the same characteristic odour 
as chaulmoogra oil and hydnocarpus oil. Like the two latter fats, it is 
optically acfivc. Poiver and BarrowclijJ found [a],, +42-5° for the 

expressed oil, and +51° for the extracted oil (in chloroform). The 
expiessed oil had the acid value 7-5, and the extracted oil 8-1. 

I'he mixed fatty acids form a hard white solid ; their specific 
rotation is [a] ,, = +53-6° (in chloroform). Amongst the acids were 
identified chaiilnioogric acid, liydnocarjiic acid, and palmitic acid. 
The pi'esence of oleic acid was also ascertained. 


I 111/ Sica 

1 and Chemical Chararfeiisfics of Lvkiaho Oil 

Specilto Oravity | 

. . 1 

Welling roinl 

S.i]w)iiili(;alj()n 

Value 

■ 

Iodine V.-vluo. 

“C. 


“C. 

Mguns. KOn 

Per cent. 

i 25 

1 0 0.53 

2+2.5“-* 

212 

86-4 

ns 

1 

[ ,T9r.2 

2:5-24°^ 

208 

82 .5 


1 Powt^r and BarrowcliH', Joiirji. (^hem. Sue., 1905, 886. 

" (’[). Heckel, Les Okiiih’s notmlles ou pen t'onniies de.s Volumes Jnm^uLses, 

Paris, 1902, p. 122. 

^ Expres.sed oil. 


■* Ex ti acted oil. 
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Physical afid Chemical Characteristics of the Insoluble Fatty Acids 


Melting Point. 

Neutralisation 

Value. 

Iodine Value. 

•a 

Mgrrns. KOH. 

202*5 

Per cent. 

42-13 

87*8 


GORLEY SEED OIL 

Two samples of this seed identified as “ Onchoba echvnata ” from 
Sierra Leone wore found to contain about 47 per cent of solid fat which 
consisted of a mixture of glycerides of chaulmoogric acid and a small 
proportion of glycerides of liquid f^tty acids.^ 


Specific gravity at IS-S*^ C. 

0-808 

Saponification value 

192-4 

Iodine value 

99-7 

Acid value 

4*5 

Unsaponifiable matter . 

1-5 

[aj'^ 

. -j 48-8 


The fatty acids had an iodine value of 105*1 and |a] +52*5°. 


PITJUENO OIL, SAMAUN OIL 

This oil is obtained from the seeds of Fangium edule, Reinw., Hydno- ‘ 
carpus edulis, Petm., a tree indigenous to the Malayan Archipelago. ^ 
The seeds contain 50 per cent of a fatty oil having the following char- 
acteristics : — 


Specific gravity 

0-937 

Saponification value 

178-183 

Iodine value 

89-94 

Titer test of fatty acids . 

. 44-4 


The seeds contain a cyanogenetic glycoside of which some passes 
into the oil when it is prepared by the natives, and is only removed by 
prolonged boiling. The oil prepared in a very primitive fashion by 
the natives of Java, by heating the dry seeds and passing the mass 
between boards, is used as an edible oil.^ 

^ GouldinK and Akers, Chem. Soc. Proe., 1913, 197. 

- Wijs, Chem. Revue, 1911, 158. 
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PARK! A OIL 

French— //?o7e de Parkia. (.Jerinan ParkiaoL 
Italian - Olio di Parkia. 

This fat is obtained from the seeds of Parkia africana, K. Brd 
{J^amily, Mimosaceae). A specimen of seeds olitained from To^n)*'^ 
(West Africa), showed that they contained 16 per cent of fat and 29 
per cent of proteids. The seed kernels yielded 22 per cent of fat and 
42 ])er cent of crude proteids. The fruit pulp of Parkia hu/Iohom, 
Benth (African locust), a largo tree about 50 ft. in height, is used by 
the natives of tropical Africa as a food. The pulp is known locally as 
“ Nctte meal.” ^ 

The oil obtained from the seeds by extracting with petroleum ether 
has a golden yellow colour, and is tasteless and odourless ; at the 
ordinary temperature it is semi-liquid to solid. The following char- 
acteristics have been ascertained in a specimen having the acid value 
2-5 : - 


Saponification value 

. 184 r ) 

Iodine value .... 

. 1 ) 1-6 

iieicliert-Moissl value 

Refraction in Zeias Butyro-rcfractomcti'r— 

0-6 

at 25'^ . 

07-2 “ degree? 

at 40° , 

. 58-8 

Insoluble fatty acids 1- unsaponifiablc 

!)5*5 per cent 


The kernels are usihI by the natives of the Soudan in the preparation 
of the “ Daua-Daua ” cakes, which are used as a condiment, and also as 
food. The “Daua-Daua” cakes (‘‘Daua-Daua cheese ”) are largely 
sold as an article of commerce in the Soudan markets. The roasted 
seeds are known as “ Soudan cotfee.” 


PONGAM OIL^ 

French— ///A/c de pongam ; huile de Hongag. German — Pongamol. 
Italian — Olio di pongam. 

For table of characteristics see p. 498. 

This oil is obtained from pongam beans, the fruits of Pongamia 
glahra, Vent, {Dahlbergia arborea, Willd. ; Gadelupa arborea, Roxb.,'* 
Gadelupa indica, Lam., Gadehpa pinnata, L., Caju gadelupa, Rumph.), 
a tall 'tree growing all over East India from the Central and Eastern 
Himalayas to Ceylon and Malacca. The tree occurs also in the Malayan 
Archipelago, North of Australia, the Pacific Islands, and the Seychelles. 

^ A. Gons and Jj. Cr-U'*, Compt. rend., 1908 (146), 187. 

^ H, Fiiicko, Zeits.f. Unters. d. Nahrgs- n. Oenvssm , 1907 (xiv. ), 512. 

Lewkowitsch, Analyst, 1903, 342. 

The pongam seeds must not be confounded with the seeds of huJdheryia sissco, 

VOL. II 2 K 
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Speciraen obtained from India. ^ Extracted in the laboratory with ether. ^ Refractive Index. 

^ Chem Revne. 1910, 233 
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The oil is known under the following native names : — Kanooga- 
manoo, Kanoogoo, Kanuga-Karra, Kanuga-Chettu, Kanji ; it is also 
known as Korung oil and Kagoo oil, and in Malabar as Ung. 

According to Lepine ^ the seeds yield 27 per cent of a yellow oil, 
of the specific gravity 0-945, solidifying at 0.^ The authors of the 
Pharmacographa Indira state ^ tliat the oil (called llouge oil in Mysori;) 
expressed from fresh seeds was thick, of a light orange brown colour, 
and bitter taste (perhaps due to the pr(‘,sence of resinous matter or of 
an alkaloid). The specific gravity at 18° (h was 0-9458. It yielded 
93-3 per cent of fatty acids, melting at about 30° C. 

iiy extracting pongam beans with ether the author obtained 33-7 
per cent of a buttery mass of a dirty-yellowish colour, and he was 
enabled to examine, side by side with the oil extracted from the seeds, 
a native specimen of oil obtained from India. This specimen contained 
0-5 per cent of free fatty acids (in terms of oleic), and ()-9 per cent of 
unsaponifiable matter. The sample preparexl in the author’s labora- 
tory contained 3-05 per cent of free fatty acids, and 9-22 }>er cent of 
unsaponifiable matter. 

The oil is used in India for medunnal and illiiininaf ing ])urj)oses. 
As it can be obtained in large (piantities, it should find tia-hnical a])plica- 
tion m fJie soa]) and candle industries. 


LAUREL OIL, nAYnERKV OIL 

French — Huile de laurier. (lerman -Loihrerfrd. 

Italian — Bioro di laiiro, Oho di lauro. 

For tables of characteristics see jip. 501, 502. 

L.tiirel oil ^ is obtained from the berrii'S of the laurel tree, Laarus 
nohilis, L., Cither by pressing the pounded berries, or by boiling tluun 
with water. The berries contain from 24 to 30 per cimt of fat. Ijaurel 
oil has a green colour. At the ordinary temperature it has a buttery 
consistence ; its taste and aromatic odour are characteiastic. 

Laurel oil is com])letely soluble in boiling alcohol ; on cooling, 
crystals of trilaurin separate. Judging from the high iodine value, 
laurel oil must contain considerable quantities of olein (and perhaps 
also less saturated glycerides) ; hence the statement occurring in the 
older literature on this oil, viz. that the chief constituent of laurel oil 
is trilaurin^ must bo considered as erroneous. The quantity of laurin 
cannot be very high, as is evidenced by the characteristic numbers 
given in the tables. The presence of laurin is, however, definitively 

^ Phanii. JouDi. (3) xl. 16. 

(q). Heckel, Les O'raines grasses nouvelles ou pen ctmnues des colonies franguises^ 
Paris, [). (S6. 

•* Hee Watt’s Dictionary of t)ie Economic Pioducts of India, VI. i. ]i. 322. 

* Laurel oil iiuist not be coiifourided witli the oil Irotn the seeds of Caloph ylbm 
inophyllum (see table facing p. 369), specific gravity, 0 981 T) at 16 "" C. ; saponification 
value, ]96'4 ; melting point of insoluble fatty acids, 37’6'' G. Nor should laurel oil be 
confounded with Indian laurel oil (described^jn 238), from the fruits of iMurns indica. 
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proved by the following facts : — On distilling laurel oil in vacuo, Krafft 
obtained trilaiirin in the distillate. Malthes and Sander found the 
proportion of insoluble fatty acids (determined by HehneSs method) 
85-8 per cent after deducting 1 per cent of unsaponifiable matter. 

The titration number of the insoluble volatile acids was 2 - 8 , but 
this would, of course, not prove the presence of lauric acid (see Vol. 1. 
Chap. VII 1.), as even myristic acid passes over with the water vapours. 
Allen found also small quantities of volatile acids (acetic). A sp('cimen 
examined by the author (see table of characteristics) had the acid value 
26-3, and one examined by Malthes and Sander, 9-4. 

The unsaponiliable matter of laurel oil consists, according to 11. 
Malthes and H. Sander,^ of melissyl alcohol, pliytosterol (melting at 132- 
133° C.), a hydrocarbon “ laurane,” C 20 H 42 (crystallising from alcohol 
in fine needles melting at 69° C.), and an oily substance of brown colour 
having an ethereal odour, the iodine value 191'95 and /q, at 40° C.= 
1'5018. The exceedingly small amount of this oil cannot appreciably 
affect the iodine value of the oil and the opinion of Malthes and Sander 
that the high iodine value of laurel oil is due to the higii iodine absorp- 
tion of the unsaponifiable matter cannot be admitted as correct. The 
true acetyl value of the oil was found by Malthes and Sander to be 5- 1 ; 
this figure is largely due to the presence of higher alcohols in the un- 
saponifiable matter. The apparent acetyl value was 15-3 for the oil 
having an acid value 9*4. 

The numbers given m the table of characteristics are somewhat 
widely divergent. This must be due to the fact that crude laurel oils 
contain varying amounts of a volatile oil. In order to separate the 
latter from the fatty oil Fahris and Settinij^ digested crude laurel 
oil (the characteristics of which are given in the table, p. 501), at a 
temperature of 0 ° C. with 9t5 per cent alcohol, filtiued, and washed the 
undissolved portion with 95 per cent alcohol at a temperature of 0 ° C. 
until nothing more was dissolved by the alcohol. 

The fat which was insoluble in alcohol had the consistence of tallow, 
and was colourless and odourless, whereas the (smaller) portion dis- 
solved by alcohol was an oily liquid of a dark green colour and very 
intense odour. The characteristics of the two portions were as 
follows 



Kut insoluble in 

1 

Oil soluble in 


Alcohol at 0" C. 

Alcohol at 0° C. 

Solidifying point .... 

26-28” C. 


Molting point 

40-,50'' C. 


Sanoiiilication value 

206-5 

186-6 

loaiiie value .... 

65-6 

124-1 

Insolublo fatly .acids f iinsajionifi.ible 
Butyro-rofiactoineter “degrees” at 40° 0. . 

OO'O jicr cent i 


53 

! S 

i 


1 Arch, (L Vharm., 1908 (246), 

Atti dei VL Congresso Diternazionale di chi mica applkala, Roiiiii, 1907, v, 753. 
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The insoluble fatty acids from the alcohol-insoluble fat gave the 
following niimhcrs : — 


Solidifying^ point . 18-10° C. 

Melting point . . . 23-24° C. 

Iodine value ... . d4-7 

Iodine value of the Jupiid fatty aeid.s . . . 08-1 


The insolulile acids consisted of equal parts of solid and liquid 
acids (deteniimed hy the lead-salt-ether method). 


I'lipictd and Chemical ChararJeridicb of the InsoJnble Fnffij Ac'uh 


[ Insoliilild At Ills 

1 -f Uiihuponilialilti 

Solidifying Point. 

lotlino ^ alue. j 

For 

cent 

ObserM'r 

’C. 1 Observer 

Pei coni. 

Obsoner. 

8(J 8 

83 'ij 

Mattli(‘s and 
.Sander 
Fabns and 
Settiinj 

Titoi Test 

14*3-15T 1 Lcwkowitsch 

81 •(5-82 -0 ' 

Lcwkowitsch 


On shaking laurel oil with twice its volume of alcohol and hlteriiig, 
a green filtrate is obtained. Hydrochloric acid converts the colour to a 
yellowish-green which is not changed by ammonia (Morpurgo)} 

Crude laun^l oil gives in the Baudonin test a colour reaction similar 
to, although distinct from, that given by sesame oil. The alcohol- 
insoluble fat shows the colouration less distinctly, whereas the alcohol- 
soluble portion gives a very intense colour reaction {Fahm and Settimj). 

Ijaurel oil is only used in veterinary ])ractice. ft is stated to be 
adulterated with other fats (lard), coloured green with copper salts. 
Lard would be detected by the isolation of cholesterol ; copper, by 
incinerating the oil and examining the ash. 


CAKAPA OIL, CKAH WOOD OIL, ANDIROJIA OIL, TOIJLOUCOUNA OIL 

French — Beurre (hiiik) dc Carapa; hude de touloacoana. Cerman— 
Carapafett, Tulucvnafdt. Italian — Oho di Carapa. 

For table of characteristics see p. 505. 

This fat is cxjiressed from the seeds of several sjiecies of ])lants 
belonging to the genus Carapa (Meliaceae) as Carapa guianensis, Aubh, 
Carapa inoluccenns, Lam., Carapa procera, D.C., Carapa touloucouna, 
Guill. et Perr. 

The author received from the Imperial Institute a considerable 
quantity of the seeds of “ Cara pa guyanensk.” There is some confusion 
with regard to the botanical origin of these Caffapa seeds. The seeds 


(horn, di farm, di Tiieste^ 1905, 353. 
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were sent from Sierra Leone as Carapa guianensis, Aubl., apparently 
following a mistake in Oliver’s Flora of Tropical Africa. The species 
founded by Auhlet was, however, Carapa guiancnsis, and this is conlined 
to the West Indies and Soutli America. It seems, therefore, jirobable 
that the nuts sent from Sierra Leone are derived from Carapa procera^ 
D.C., of which C. gumwasis, Oliv., and C. guiiicensis, A. Juss., are 
synonyms. 

A large proportion of the kernels were mouldy, hence in several lots 
of nuts, amounting to about 20 lbs. each, the good and bad kernels, as 
also the shells, were determined quantitatively, with the following 
result : — 


Good kernels . . . 35 5 per cent 

Bad kernels . . . . 27 „ 

Shells ..... 37-5 „ „ 

The sound kernels yielded by extraction with ether 57*26 ])or cent 
of oil. 

A large (piantity of good kernels were comminuted in the manner 
simulating the operations on a large scab*, and were pressed m the cold 
in a hydraulic press at a pressure of 150 atmospheres. Thus 24 per 
cent of cold-pressed oil were obtained. The cold-pressed cakes wiu’O 
then broken up, comminuted, warmed to 150'’ F., and again expressed 
in the hot press at a pressure of 150 atmospheres. Thus a further 
quantity of hot-pressed oil, amounting to 22-7 pea* (‘cnt of the kernels, 
was obtained. The total amount of oil recovered from the kernels 
amounted to 46*7 per cent, as against the total contents of 57*20 ])er 
cent obtained by extraction with ether. 

The oil extracted with ether — the total oil— had the iodine value 
75-OT 

The cold-pressed and hot-pressed oils were examined separately, 
and gave the following characteristics ^ : — 



t;oI(l Pressed 

Hot Pressed. 

(hi 



Specific; j.'ravity at 40” G. (wati'r at 40- 1) 

0 9170 

0*0174 

Specific gravity at 15” ('. (water at 15*5 1 ) 

0 0272 

0 0327 

Solidifying point . 

12” 

14” (\ 

Melting ])oint ... 

15-30” ('. 

15-48” (’. 

Saponification value ... 

107 1 

100*4 

lodino value ... . . 

75 07 

71 25 

Reichert- Mciasl value 

3 5.3 

3 14 

Unsaponifiablc matter 

1 *51 ]KT cent 

2 04 per cimt 

I nmluble Fatty Acids : — 



Fatty acids + unsaponifiablc 

05- 1 5 per cent 

02- 00 per cent 

Solidifying point (titer test) . 

35-45” C. 

.30-15” C. 

Neutralisation value .... 

102-4 

102 0 

Mean molecular weight of the fatty acids . 

201-5 

202 1 


^ Lewkowitsch, Analyst, 1909, 10. 
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The insoluble fatty acids consisted of : — 


Cold Prossod. 


Hot Pressed. 


“ Liquid ” acids (yielding ether-soluble lead j j 

salts) I 65‘9 per cent j 63-46 per cent 

“Solid” acids (yielding ether-insoluble lead j 

salts) I 34-1 percent 36-54 per cent 

Iodine valu(5 of liquid fatty acids . . . ! 107-4 108 0 

Iodine value of solid fatty acids . . . | 16-56 j 17-87 

Stearic acid j 13-09 per cent 11-24 percent 


In contradistinction to the oil from Carapa grandiflora, the present 
oil does not contain any optically active substance.^ The oil and the 
cakes have a very bitter taste, like all the correspondmg products of 
the other Carapa species. 

The information given in the literature on carapa oil is of a very 
indefinite nature. Tins is caused to a great extent by the conflict of 
opinions of the several botanists who have given descriptions of the 
carapa plant. Thus the Carapa guiaeensis, Sweet, or (L tojiJoucoima, 
Guillemin et Perrot, has been de.scribed as a sejiarate species, differing 
from the G. guianeasi!>, Aubl., whi(;h grows abundantly in Guiana and 
especially in French Guiana. Several botanists consider the South 
American and West African species as identical, especially so Oliver,'^ 
who declares the botanical differences, on the strength of which A. 
Jussieu, Richard, and others discriminated two species, as too un- 
important to call for such a subdivi.sion. The difference would seem 
to be based on tlie subdivision ^ of the carapa plants into (1 ) Pentamerce, 
with preduncled flowers and parts in fives, and (2) Tetramerai, with 
sessile flowers and parts m four. In t he former are included C. procera 
and C. surinamensis, in the latter C. guiamnsis and 0. moluccensis. 
C. guianensis and C. touloucouna are given in the Kew Index as 
synonyms for C. procera, D.C., and according to a communication on 
this subject received recently at the Imperial Institute from Kew, C. 
guianensis is C. procera.^ 

The natives of Guiana prepare the oil by boiling the kernels with 
water, and placing them in a heap for a few days, when the mass is 
triturated in a wooden mortar or between stones. The pulp is then 
exposed to the sun in an inclined position, so that the exuding oil can 
drain off. A more advanced process is to boil the mass. 

A specimen from Trinidad, examined by Deering, had the acid 
value 22-6 ; the melting point of the insoluble fatty acids was 38-9° C. 
The numbers hitherto published are collated in the table p. 505. 

* Tlie observations were made by Dr. Piekles in the Jiup. lust. 

^ Flon/ of Ti apical West Afuca, vol. i. p, 336. Cp. Senilei, Die iropischc 
AfjrikuUur, vol. ii. ]>, 451. 

* Cp. Drabble, Quarterly Journal Institute of Commercial Research in the Tropic.s 
(Liverpool University), vol. in No. 6, ]». 21. 

Lewkowitseh, Analyst, 1908, 184. 
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Grimme^ obtained by extraction with ether only 31 -54 per cent of 
oil from tl^e kernels equal to 22-84 per cent of the total seed. Sprink- 
meyer and Diedrichs,^ on the other hand, extracted by means of ether 
52-9 per cent of oil from an old sample of seed. The oil contained 7-8 
per cent of free fatty acids. The figures of these observers are collated 
in the following table : — 




Spwikmeijer and Dmlnchs Jither 


(inmme Ether 


Extra('t. 



Extract. 

I. (!rude 

11. (’ruiie. 

I. Neutral- 
ised 

S])eeifi(; gravity at 15 5’’ C. 

0-0238 




Solidifying point 

8-0 


32-3 


MeltitiL' ])oiiit 



37 5 « 


KSaponification value . 

2012 

104 00 

10.5 15 

104 80 

Iodine value 

.56 8 

58-00 

58 40 

64 0 

Aeid value . 

5-3 

16 48 

75 32 


IL'fraetive index at 40" 

1 1686 

53 0 

.50 0 

i .51-7 

Unsaponifiable, per cent 

0 07 



0 40 

R(‘ieliert-.\Ieissl valiu' 



2-.53 

2 30 

Insoluhlo volatile acids 

i_ __ ___ __ 



i 0 4 

0-5 


Chateau ^ discriminated as two separate oils “ Carapa oil ” (from 
C. guianeasis) and “ Touloucouna oil ” {(I fouloneoum). This dis- 
tinction had been emphasised by Heckel.^ In the following tables the 
numbers given by him are collated. 

; ‘ “ ■ ■■ ■ “ ■ i" 

j ' Cnrapa SeedM. Tonlouooun.i Seeds. 

, Per cent. Per cent ' 

; ShelLs .... 24 28-75 

Kernels .... 76 , 71-25 | 


’ Chf’m. Rente, 1910, 179. 

ZeiU. f. Rnfeis. d. y<(ln(js- //. (tejnf.ssm., 1912, 592. 

I’oletisky’s nictliod, 

J.cs (_hrps<j)(ts nidiisf,! lets, Pans, 1866, |>. 293. 

^ Les Orauif.s (jra^-iea nountles on pen ermines des tokmies j Ki'ixpxiaes, Paris, 1902, 
p. Ml. 
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('.irupa Oil 

Touloiicouiia Oil. 

Yield of oil fiorn the total fruit 

21 60 pel cent 

49 16 per cent 

Speeifi(^ gravity at 1.5' C 

0 932 

Maiunene te.st 

<31 C. 

90° C. 

Yield o( fatty aeids by “.saponilication proce.ss’’ 

91 9 i>ei cent 

93 27 ]ier cent 

Solidifying point of those acids 

86 T (' 

32 -65° C. 

Yield of fatty acuhs hy distillation juoee.s.s 

S6 .3 per cent 

89 per cent 

Solidifying point of thc.se acids 

Yield of solid fatty acids liy “ .saponiln ation 

,99 2^ C. 

39° C 

Jirocess ” . . .... 

49 per cent 

27 2.6 per cent 

61 ° a 

Solidifying point of the.se acids 

.69" C 

Yield of solid fatty acids by “distillation ptoooss” 

19 2S pel cent 

48 per cent 

Solidifying point of these acids . . j 

19' (J 

48“ C. 

Yield of glycerin ... . j 

9-9 per cent 

10 68 per cent 


Those numbers appear to refer to experiments earned out on a 
mannfaeturing scale in candle works. The difTerenc(!s shown do not, 
however, in the author’s opinion, establish a definite distinction between 
the two oils, and in view of the uncertainty attaehin^^ to the orij^in 
and to the oriirinal condition of the fats, especially having re^jard to the 
conflict of opinions on the part of expert botanists, the author does not 
consider that there is sufficient justification for considering “carapa 
oil ” and “ toiiloucouna oil ” as two dilTerent individuals. Moreover, 
the name “ toiiloucouna “ seems to be, if not a coriuption of the name, 
at least of the same origin as that of falloronah, a native narmi in British 
Guiana for the carapa tree,^ known there also as “ crab ” and “ corap.” 

Dawe (of the Forestry Department) discovered a new species of 
Can/pa, whicli has been named Carapa grand i flora, Sprague. The 
autho) received a considerabh; (juantity of the nuts from the Imperial 
Institute, and examined the oil obtained from them. 

Oil from Carapa Grand flora ^ 

A large portion of the kernels were mouldy, and in several lots of 
nuts amounting to about ID ])ounds each the good kernels and shells 
were determined (quantitatively with the following result : — 

Good kernels 36-3 to 42’1 per cent , bad kernels 25 to 22-3 per cent ; 
shells 38*7 to 35'6 per cent. The good kernels yielded on extraction 
with ether 30-26 per cent of oil. 

The large quantity at the author’s disposal jiermitted the preparation 
of cold-pressed oil, hot-pressed oil, and cake on a semi-large scale. For 
the preparation of the hot-pressed oil good kernels were selected, 
comminuted in a manner simulating the operations on a large scale, 
and expressed in the cold in a hydraulic press at a pressure of 150 
atmospheres. The amount of cold-pressed oil so obtained was over 
10 per cent of the raw material. The cold-pressed cakes were then 

^ Maloimy, Sketch o/ the Foiestry of West Afiica, p. 29(). 

^ Lywkowitscli, Analyst, 1908, 186. 
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broken up comminuted and heated to 150° F. when they were again 
expressed in the hot press at a pressure of 150 atmospheres. Thus a 
further quantity of hot-pressed oil, amounting to almost double the 
quantity obtained by cold expression, was recovered. Quantitative 
recovery of the oil was, of course, out of the question, and the cakes 
finally obtained, contained much more oil than would be left in a 
commercial oil cake. 

The cold-pressed oil as also the hot-pressed oil were examined side 
by side with the result set out below. The colour of the cold-pressed 
oil is almost white with a tinge of pale yellow. At the ordinary tem- 
perature it solidifies. The hot-pressed oil is much darker in colour, 
and remains solid at the ordinary temperature. 


Oil 

Cold picsscd 

Hot pre.^ised 

Spocilic goivity at 40' ('. (water at 40- 1) 

0-9171 

0-9215 

Specific frravitv at la 5° C. (watia at 15’r* - 1) j 

0- 92(11 

0-9306 

Solidifying' point 

.S' t: 

lO** C. 

Mcltin;^' point . . i 

lh-2T C. 

20-30“ C. 

Sa])oiiitication value 

lOS 1 

201-8 

Iodine value . 

cS;{ 7 

72-6 

Reicliert-Mcnssl a aim' 

:i 75 

8-83 

Unsaponifiableniattei, p(‘i ccni 

3-75 

1-59 

... 



j liHoliiblp Kitt\ Acids 

('old pi'cs'^cd 

Hot picssed. 

Fatty acids + unsa{)onifial)lc, per cent 

9 1 03 

92 93 

Solidifying' point (Titci test), ' C. . 

34 9 

38 9 

Neutralisation value 

202-3 

202 1 

Mean molecular weight of the fatty aeid.s . ; 

277-3 

277-1 

The insoluble fatty acids consisted of : — 




Cold piGsscd 

' Hot. ptcsscd 

1 

“Liquid ” acids (yielding ether-.soluble lead salt'll, 



pel cent . 

“Solid ” acida (yielding etln'i’-insoluble lead salts), 

7 2 -82 

64-62 

per cent 

26-47 

31-93 

Iodine value of Injiud fatty aeids . 

9171 

94-71 

Iodine value of solid fatty acids .... 
“Solid” acids yielded “.steaiic acid,” melting 

8-8 

9 97 

point f)b'6' C , per cent 

3 15 

6-6 

1 — — - - ... . . _ ... . 






The cold-pressed oil rotated the plane of polarised light 2° 4' to the 
left in a 100 mm. tube (the rotation is very likely due to the presence 
of a resin). 


The oils as also the cake have an intensely bitter taste, which seems 
to be characteristic of all the oils derived from the seeds of the Carapa 



family. Hence the oil is unfit for edible purposes. Carapa oil is used 
in Brazil, Guiana, the West Coast of Africa, India, and the Molu(;Cas, 
as an ointment, to protect the natives against the attacks of insects, 
and for burning purposes. The statement that carapa oil is exported 
from South America into England and France for soap-making ])ur])oses 
requires confirmation. From notes occuriiiig in the literature on this 
subject, and from private information given to tFe author, it appears 
that seed from G. touloucowui was expressed in Marseilles on an experi- 
mental scale some time ago, but at present no seeds are being imported 
into hrance. The cake so obtained was stated to contain 27-3 per cent 
of proteids. The commercial value of the kernels must depend iqion 
the use that can be made of the cakes. If the bitter principle in the 
cakes jirecludes their use as cattle food, they can only be sold as manure, 
and their valiui would then be low. 

NUX VOMICA FAT 

French — Huile de noix vomique. German— AV/ 7 /c/oo/ 6 ’o/, 
Brechnussol. Italian -Olio di voce vomica. 

For tables of characteristics see p. 510. 

This fat IS obtained from the seeds of Strychvos nux vomica, L., 
by extraction with ether. The alkaloids strychnine and briK'ine which 
form 3T8 per cent of the crude fat {Schroeder'^) are extracted together 
With the fat ; they are removed by washing the crude extract with 
dilute acid. The yield of fat from the seeds is, according to Harvey 
and Wilkie^^ about 1 per cent (4*2 per cent {Schroeder)). 

The export of nux vomica seeds from India is given m the following 
table : — 



ID 10. 

ion 


' Cwts. 1 

Cwts. 

Madra.s 

34, 767 

39,537 

Bengal 

3,878 

10,473 

Bombay . 

. i 1,30!) 

1,308 


The total yearly production throughout India is estimated at 
2000 tons. 

The fat is slightly fluorescent in its melted state ; it has a yellowish- 
brown colour, an unpleasant, but not bitter, taste and a characteristic 
odour. The fat, prepared as above described, contains a considerable 
amount of unsaponifiable matter ; 12-12*4 per cent (Harvey and W ilkie), 
16*93 per cent (Schroeder). In agreement herewith the saponification 
value is low. The solid fatty acids determined in one specimen, 
amounted to 24*2 per cent, and the liquid acids to 58*4 per cent (Harvey 
and Wilkie). According to Schroeder the fat contains 8*6 per cent of 
solid glycerides (palmitin and arachin) and 74-5 per cent of olein. 

^ Arch. d. Pharm., 1905(243), 635. ^ Ji/urn. Soc. Ohm. Ind,, 1905, 718. 



Physical and 


510 


GLYC Kill OES— VEfl ETABLE EATS 


CHAr 



[ue was found to be 160 and the iodine valnp, 64 ‘2. 
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The unsaponifiable matter of the specimen examined by Harveij 
and Wilkie had the iodine value 80*1, therefore the iodine value of the 
true fat would be somewhat lower than 73*8. The acetyl value of the 
unsaponifiable matter was found to be l()5-0 ; it had the specific rotation 
in chloroform solution + 39°. (As jihytosterol is hevorotatoiv there 
must be present a substance of hit?h dextrorotatory power. ) Jhnduschka 
and Wallenreuter ^ separated the unsaponifiable matter into two 
fractions by means of their acetates. To the first, meltin^^ at 121° C., 
they ascribe the formula C 4 (,}l 7 (j ()2 The second, which melted at 
221° C., they gave the formula 032 ^^ 4 ^ 12 - hydrolysis the melting 

points were 99° and 186° 0. respectively. 


BAOBAB OIL — RENIALA OIL — FONY OIL 

French Hudc de haohah (huile de rentaJa ; huile de fony). 
German — Baohahol ; A^enhroihaumol. Italian - Oho di baobab 


Fhy.wal and Chrnural Cliaracf/'i oj Ikohah Oil 



Kpccilic 

Sohdi- 

■■ 

Mrltiii- 

Sajioni- 

lication 

lodiiin 


Source. 


Pi>mt 

Point 

V.tliic 

Value 

( )l)sei v<T 


at 1.0 0 

(’ 

M^r ms 
KOll 




Adaicsonia digitata . . 

0*91.5 

t 3 to 


191*7 


SlU71 



-3 


191 5 

77*8 

Bonlotlx 





1 90 5 

7(i'7 



0*91.5 



i‘H) r> 

1 (i*7 

IVlly^ 





191*7 

77 8 

Adansonia Crandidioii . 

0*9187 

13 

21 


50*8 

Alilhau 



11-12 

21-25 

190 9“ 

55*0'*^ 

Uoiiloux 





1 89 9 

.5;i 9 *' 



0*9190 

13 

20-21 

1 92 4 

0.5 -(hi 

Thomas 


(20 ) 





and Boiry 

IdLi/dcal and Choniad Chaiadeiish 

rs of Ike InboUihlL Fatty . 

icids 

Source. 

Iii^oliihlo 

Acids 

H Un- 
S.'VpOlll- 
liiiblc 
Pci cent. 

Sol id 1 - 
tvinp: 
Point 

A', 

Mcltinp 

Point 

(* 

Ncutnil- 

isatioii 

Value 

rns 

Kt)ll. 

Iodine 

V.iliie 

Observer. 

Adansonia digitata 

95*8 

34-32 

35 *5-38 *5 

197*5 


811 /zi 

Bon to 11 X 

Adaiisoiiia Graiididieri . 


43 2 

55 



Milliau 


9.5 5 

44 2 


179*0*' 


Bon to 11 X 


95*5 

44 5 

51-52 

(u;-t)7 

1 Thomas 







1 and Bony 

1 






l.Hinid 







Fatty 

Acid.s 







97*6 

Millau 


^ Archiv. d. Pfiarm,, 1912, 398. “ Expressed oil. 

^ Exti acted oil. * Jourii. Soc. Chem. fnd., 1913, 778. 

These had the sapoiiificatiou value 202*5, showing the presence of notable propor- 
tions of lactones. 
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Baobab oil is obtained from the seeds of various trees belonging 
to the genus Adansonia, in especial from Adansonia digilata, L., a 
tree widely distributed over tropical Africa ; A. Za,^ Baillon ; A. 
madagascariensis, Dr. ; A. Gmndidieri, Baillon, known in Madagascar 
as Reniala Fong ; A. ruhrostipa, Jum. et Berr. ; A. alba, Jum. et Perr. ; 
A. gregori (Australia). The bark of the tree yields a material used for 
paper-making. The shape and tlie size of the fruits of the different 
species and their seeds and the proportions of fat contained in them 
* vary considerably. Thus Balland^ obtained from kernels brought 
from Madagascar 63*2 per cent of a fat melting at 24° C. Seeds obtained 
by Snzzi in Erythrea (Italian East Africa) were smaller and contained 
much less glycerides. Whereas the seeds examined by Balland gave 
36’7 per cent of shells, Suzzi\^ specimens yielded only 20 per cent. 
The whitish pulp contained in the Madagascar seeds yielded by expres- 
sion 39-02 per cent of fat (MilUau^). Suzzi^ obtained from the 
kernels of the Erythrean seeds 32-7 per cent of fat of an oily consistence. 

A more complete survey of the difference presented by the various 
seeds of Adansonia species is given in the following table, due to 
Bontoux ^ : — 


Somce. 

100 Seeds 
weigh 
((iinis.) 

Shells. 
Tei cent. 

Kernels, 
t’er cent. 

Proportion of Pat in 

Kernels. 
Per cent. 

Whole 

Seed. 

Pei cent. 

Adansonia di^itata (Senegal) . | 

45 2 

59-2 

40-8 i 

30-7 

12-5 

Adansonia Za (iMadag.iM^ai) . | 

48 5 

52 2 

47-8 j 

34-3 

16-4 

Adansonia niadagascarieiisis ] 






(Madaga.sear) . . . j 

78 0 

44 8 

55-2 

60*5 

34 4 

Adansonia (Irandidieii (Mada- 






gascar) . . . . 1 

117-0 

32 8 

67-2 

63'5 

42-6 


The expressed oil has a golden-yellow colour and a pleasant taste ; 
the “ Eony oil ” in especial has a very pleasant nutty taste. The fats 
extracted with carbon bisulphide have a red colour, which sti^ems to be 
due to traces of sulphur contained in the solvent, for in the Halphen 
test (see “ Cotton Seed Oil,” p. 203) all the oils gave a strong colouration, 
much more intense than that obtained with cotton seed oil. 

^ Cp. A. Juiiielle and E. II. Perrier de la Bathie, Les Afaiiera grasses, 1909, 1^08, 
134S, 1509, 1627. 

2 Journ. Phaim. C/iim., 1901 (20), 529. 

^ Compt. tend., 1904 (134), 808. AgricuUine puilique des pays thauds, 1904, 
p. 658. 

/ Sevn oleosi f gti aid published for the Milan E.xhihitioii, 1906. 

Lewkowitsch, Technalogie et analyse elnmigues des liuiles, g misses et cares, trailuit 
par E. Bontoux, Pans, vol. ii, 908. 
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MARGOS A OIL ' 

(VEEPA OIL, VEPRAM EAT, NEEM OIL) 

French de /pr/r^o.sa ; huile de mnrryos/cr. (ieiTnan--A/(n 7 o.sfp>/. 
Italian — Olio di margom. 

This oil is obtained fi'om the seeds of MvUa AzadiracJita, L.^ (Aza- 
dirachla uidlca, Jnss.), a large tree, 10 to 50 feet in heighl, growing in 
the wild or (more often) eailtivated state tliroiigliout the gipater part 
of India and Burjiia. 

The oil has been described somewhat fully m the Pfiarin. Journ. 
by Warden,^ 

The specimen of fat examim'd by the aul hor was solid at the ordinary 
temperature The titer test of the insoluble fatty acids was 12° C. 


Phijsical ainl Clu'iiunil (luiniifn'i.s/ii'S oj Maxjoxi Oil 


Spccilie ih 

At H' 1 

SaiKiiiili 

(allnll 

V.ilm 

_ . j 

Iiiilirii' 

\ aliu‘ 

-- 

! 

R.mImuI- ' 
M.isU 
\aliic 1 

- ! 

! 

1!( fi.'i) li\(‘ [iiil('\ 1 

But \ Ki-ieUactc- 

iiit tci ill 1(1 C 

- - - 1 

Olisci \i.i 

10 ' 
(u.itei al 
m 1) 

1 

0’91123 

i 

1 190 9 

[ 

[ 

09 () 

i 

1 1 

1 

“ Oi'uiut's i 

r,‘) 

1 

Leukn- 
Wltscll 1 

40 

(uatn at i 
-lO -1) 1 

0 9023 

i 



1 

! 


_ L 


1 






NTAM EAT,^ MENl OIL, ZAWA OIL ^ 

Fi'cncli — Beurre de Mene (Mein ) , i/nnsse de Nkuh, (Jerman---iVno//- 
fett. Italian- -GV/sw di Niam. 

Niam fat is obtained liom the fruits of Lophtm (data, Banks, a tree 
indigenous to Senegambia, Sierra IjCoih*, and the Egyptian Soudan, 
and growing profusely along the West Coast ol Africa from the Smiegal 
to the Congo, This tree (amongst others) siijiplios the so-called African 
oak. Specimens of undecorticated seeds, jiroduced in Sierra Leone, 
were submitted to the author by the Jmperial Institute, together with 
a sample of oil extracted from the kermds liy the natives in the Egyptian 
Soudan.*’ 

^ Lowkowitscli, Analijn, lOOS, 312, 

~ Tins must not bo ooiitouiidod with Melut Azedonich, li 

'* S(;(! Watt’s llidionuri/ of (he Ki'onomui Pm/ mis of Im/m, \ol v p. 211. 

^ C'p, also Ijewkowitscli, .Journ. Soo. (J/ani. hid., 11)07, 1207). 

V''erijacular name m the Efjfyptian Soudan. 

« JhUl. Imp. lust., 1912, 226. 
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“Further specimens of Niam fat^ furnished the following character- 
istics : — 

Oil^ 


Specific ^ijravity at 40'" C. 

0-9044 

0-9044 

0-9019 

0-9010 

Saponification value 

. 181-.5 

194-6 

180-7 

183-3 

Iodine value . 

. ()9-8 

70-3 

72-1 

72-5 

Ki'ichert-Meissl value 

0-9 

0 9 

0-8 

0-8 

Unaaponifiable matter 

0-5 



0-80 

Acid value 

. 25-9 

33-2 

47-5 

48 

Fatly Acids— 

Tik'r test, ° 0. 

. 49-0 

47-0 

47-5 

48 5 


The fruits fi'om Sierra Leone consisted of 61-5 per cent of kernels 
and 38-5 per cent of husks. Hechl ^ obtained from the fruits from the 
Gaboon and the Congo 37 per cent of husks and 63 per cent of kernels. 
Ether extracts from the kernels, together with the fat, a black resinous 
mass, which separated out from the oil on evaporating off the ether. 
This black resinous matter amounted to 0-8 per cent of the weiglit of 
the kernels. The fat freed from the black resinous matter formed 
31T9 per cent of t he kernels. Therefore the yield of fat from the whole 
seeds amounts to 19*18 per cent. It represents, at the ordinary 
temperature, a soft buttery mass, melting at C. 

The following characteristics of the fat extracted from the kernels, 
and also of the fat prepared by the natives of the hlgyptian Soudan, 
were determined in the author’s laboratory : — 



Fat extracted lioin 
Kernels 

Fat ])ropaieil by 
Natives 

Specific gravity at 40° C. (water 



at 40:^1) .... 

O'OlOf) 

0*9063 

Acid value 

18*51 

.5 78 

Saponilication value 

19.') *6 

190 1 

Uiisapunitialile matlei pei cent 

1 i ^9 j 

1 *38 

Iodine value 

Mean molecular v eight of the 

08*4 

78 72 

latty acids . 

Solid il)iiig point of the latty 


283 J 

acids (Titer test), " G, 

1 

1 

42*5 


Edic^ resolved the insoluble fatty acids by tlu^ lead-salt-ether 
method into solid acids, having the neutralisation value 195 and the 
iodine value 22-5, and liquid fatty acids, having the neutralisation value 
196 and the iodine value 134*5. PicJdes and Heyworth identified 
among the solid acids arachidic and palmitic acids, and showed that the 
liquid acids contain oleic and linolic acids, linolenic acid being absent. 

In West Africa this fat is known as “ Niam fat ” or “ Meni oil.” 

^ Bull. Imp. Li5^.,A908, 244. 

^ Les (I ranics grasses noiivclles oa pen conniies de.s colotiie.s ftan(;anes, runs, }). KG. 

^ Qtunt. .hum. Inst. Comm. Research in Tiojnes (Liverpool University), ]907, 

2 , 121 . 

^ Analyst, 1911, 494. 
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It seems preferable to adopt tlie name Niam fat.^ The fat lias an 
unpleasant taste, due probably to the small quantity of dissolved resin. 
Nevertheless, the natives use it for culinary purposes ; it is also used 
as a hair oil. In the Egyptian Soudan the lat represents nearly always 
a clear licpiid, melting at 10*5° C., having a dark colour and an un- 
pleasant taste. ^ 

The seeds of Lophira procera (“ Kakii ”) obtained from the Gold 
Coast consisted of 25 per cent of shell and 75 per cent of ka'rnels. The 
kernels yielded 55-3 ])er cent of a yellowish solid fat similar in character 
to the fat from Lophtra alata? 


'KADAM SEED FAT ^ 

Ei’cnch — Bhirre dc. Kadam. iWA'man—KfuhDnsamenfclf. 
Italian — Bn no di semi di Kadam. 


I’liis fat is obtained from the seiids of Hodgson ia (Trkhosanthes) 
Kadam, Miq., a climbing plant biEmging to the Cacnrhilacew, and 
occurring in Padang (Sumatra). 

Kadam seed fat is piepared by cutting the fruit into pieces, drying 
in the sun for a couple of da}'s, and then expressing in bags. 

The fat has, at the ordinai-y lemperature, the consistence of butter ; 
it is yellow, non-drying, and odourless. It consists of 80 per cent of 
triolein and 20 per cent of tripalmitin. 


Spi'cilic 

0ia \ ity. 

Molting pDint 

Saponification Value 

At 16’ C 

Observer 


Ob.s(Tvei 

Mgi rna. 
KolT 

ObsOi vci 

') 919 

S ick 

21 

Sack 

197 G 

Niederstadt 


Ter cent 
(18 96 ' 


lodino Value 

Observer. 


Sack 

Niedorstadt 


MANI OIL 

French — Hnile de graines dc Mani German — Maniol. 

The oil is Obtained from the kernels of Bgmplionia glohulifera, L. 
fil® {AIoro7iohea coccinea Auhlcl), a tree reaching a height of 25 to 35 
metres, and occurring in the forests of French Guiana and French 
Antilles (Guadeloupe). The fruits (with shells) from Guiana contain 
32-38 per cent of fatty matter, the kernels alone 02-08 per cent. 

^ Op. Schweiiifiirtli, Uotan. der eisim iyiam-Eiani Heme. 

“ (Jordon ^femorml (\)Uc<je, 1908, 413 ; cp. also lUdl. Imp. Inst., 1909, 3G7. 

Sack, De Indische Mocunr, 1903, 28 (Apiil). , 

^ Fat olitaiiied from Brazil. 

Calculated ])y the author fiom the numhcis ^aven in the original papei. 

•’ E. Heckel, Les Af at} (res grasses, 1909, 1625. 
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The kernels are ovoid in shape, about 1-2 inches long and broad. 
Their inner portions arc mottled yellowish white in the fresh state, but 
on long standing tliey become dark. This is caused by a resinous 
substance which in the fresh kernel is yellow, but becomes oxidised 
on exposure to the air (owing to the presence of an oxydase and a 
laccasc {^) HeeJeel). The resinous substance can be separated from the 
fat by alcohol. This resin, which is stated to form 30 per cent of the 
fat obtained by extraction with carbon bisulphide, does not appear 
to pass into the fat on extracting the kernels with petroleum ether to 
any considerable extent, as may be judged from the following numbei'S 
obtained by J. E. Sonthcomhe} The fat so prepared had a dark reddish 
colour, an acid value of 10-1, and contained 1*1 per cent of unsaponi- 
tiable matter. The following characteristics were determined : — 


Oil~~ 


Specillc gravity at OO'^-lOO'^ 

0 8849 

Melting ])oint, ° (A 

35 

Saponilication value . 

194 b 

Iodine value . 

01 2 

Roiehert-Mei^d valiu! . 

1 00 

Fatty Acids — 

Insoluble aeids -I- unanjjoniliable 

94 3 

Solidifying point, ° G. 

. 40 

Melting ])oint, ° C. 

48-50 

Iodine value 

04-8 


The oil from Eymphonia Jdf^ciculafa, Baillon, examined by llcchl^ 
yielded insoluble acids + unsaponifiable 1)5 pin* emit, and had a melting 
point 49‘7° C. , it also yielded U)'26 per cent of glycerine. 

The oil from the seeds of SympJiotiia her, is (yield 35-2 per cent) had 
an iodine value of 06-7, and was separated by the lead-salt-ether method 
into 40 per cent of solid and 60 per cent of liquid acids. The seeds of 
Symphonia Joiiveli yielded '10 per cent of fat on extraction with petrohuiin 
ether, very similar in its characteristics to the fat from ^S. hems? 


RATIO on/— KACIIIAU OIL— KATIAIJ OIL 

Ratio oil is obtained from the seeds of liassia Moftleydiia,^ G. B. 
Clarke, a tree belonging to the Bapotacew, winch grows in abundance 
in tlie swamps of the Sadong and Saribus districts of Sarawak.' 
A sample of oil piepared by Dyaks gave the following characteristics, 
which are contrasted with those of the fat extracted from the kernels 
in the Imperial Institute : — 


1 Jovrr. ,^oc. Chnn. lad , 1909, 199. 

“ Vhnn. Revue, 1909, 5‘J. 

•' A. llrhH’t, liali Roe. Chm., 1913, 1039. 
^ C. J. Biooks, Aanlyst, 1909, 207. 

' Bull Imp. JnsL, 1912, 919. 
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I Spocilic gravity at 15 5 ° C. 

I Solidifyiii" ])()mt, ° ( 
j Sapomlicatioii value 
Iodine value . • . 

I Reiehcrt-Mt'i.ssl value 
Butyro-rcfraolonieter at 10° (' 

Insoluble fatty aeids + unsaponiiiabb' 
(per cent) .... 

Lbisa|)onifial)lo matter 
i Solid ityinj^f point, ° 0. 
iMeltiny })oiut, ° ('. . 

Iodine valm; 

Mean molecular weijj^ht . 




Oil extrarlcd 

Nativi' Oil 

N.itive Oil. 

in linpt'i’Ml 
Institute 

0 917 



It 

.. 

. 

IS!) 5 

191 5 

191 

(i5 2 

(55 0 

(55 

.5.5 4 

0 (5 

1 

OS 

04-(; 

1 <11)0 

• 

0 41 



:w 

‘M 5 

5(5 it 

.5(1 t 

(>2 5 

285 




The seeds are small, oval, brown in eoloiir, and wei^li on an average 
0-dl)l grins. The total seeds contain 10 per cent of oil. The fruit 
contains inside a thin, crisp, easily removable shell, a kernel yielding 
17 5-51 -3 per cent of oil. 


INUKUSU OIL ^ 


This oil is obtained from the fiuit of Machilus Thniihergii, S. et 
Z., a tree belonging to tlie Lainacac, and known m Japan by the 
name Tabu-no-ki. The fruits averagi' OaS em. in diameter and wihgh 
about 0 22 gnus. each. The speeimens examined contained 4-28 per 
cent of moisture and 65-00 per cent of oil, and yi(4ded 1-3 per cent 
of i^h. The oil has a brownish colour ; at low temperatures “ stearme ” 
is deposited. The oil gave the following characteristics ; — 


S[)('eiiic gravity at 25° 
Acid value 

8a})()iijlication value . 
lodiiK! value (Ub/v) . 
Refractive ind(-.\ at 25' (’. 
Reieh('rt-Mei,ssl value . 


0-l):U7 
19 51 

211 :v) 

(it) os p('r C('iit 

1 Itilti 

2 05 


F.VYENA OIL, KAN.SIVE OIL 

This oil is obtained from the seeds of Paj^eiia oleifera, a tree known 
in Burma as “ kansive,’’ and belonging to tJie natural family of Bassia. 
The following characteristics were ascertained by 1). IIoo])er and by 
Menon 


Tsujimoto, Journ. College oj Knfj. Tohyo, 1908, 87. 
“ Private conimuiiicatioii to tlio author. 
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Hooper. 

Menon. 

Fat— 



Specific gravity at 30'^ (t 

0 015 


Saponification value 

1 198-9 

184-5 

Iodine valuo 

(53-4 

.58-62 

Acid value 

1 2fi-2 

53-9 

Fatty Acids — 



Insoluble acid + .sunsaponifiable (per cent) . 

94-5 


Melting point . 

38° C 

1 


The insoluble fatty acids yielded 35 per cent of etlier-insoluble lead 
salts ; the melting point of the fatty acids liberated from these salts, 
was 55° C. 

Kansive oil is used by the inhabitants of Burma for edible and other 
purposes. 

MOWMH SEED OIL, MOHWllAH BUTTER, MAHUA BUTTER 

French — Hmle de Mohwrah, Huile de Mahwrah. German — MowraJh 
hutfer, MaJiwahbutfer, Bassiaol. Italian — Burro di Moora. 

For tables of characteristics see pp. 519, 521. 

Mowrah seed oil is the fat obtained from the seeds of Bassia 
latifolia, Boxh.- Ill i])e latifoha (Koxb.), Engler = Cassia villosa, 
Wall.,^ a tree widely distributed in the Northern Provinces of India, 
and especially in Bengal. 

The seeds are smaller still than those of the B. huhjracm ; on an 
average one seed weighs 0-61 grins. The kernels form 72 per cent of 
the total seed. 

The fat extracted with petroleum ether had saponification value 
184‘5, iodine value 58-02. After the seed had been extracted with 
petroleum ether, exti action with common ether yielded a resinous 
matter having the saponihcation value 222-0. 

The tree is frec[uei)tly cultivated in East India. This tree gradually 
disappears towards Calcutta, and is only sparingly met vdth in the 
Madras Presidency, its place being taken by Bassia loiigifolia (see p. 
522). It should be noted that in India the Maliua or butter tree is 
also known as “ lllipe butter tree,” the vernacular names being (amongst 
many others), lllipi, Ehipa, Kat illi])i. The buds yield a large proportion 
of invert sugar. The seeds contain 50-55 per cent of fat. In the fresh 
state the fat is yellow ; on exposure to the air the colouring matter is 
bleached. The oil can also be bleached chemically, as has been done 
by the author on a large scale by a special process. 

Mowrah seed oil has a bitter aromatic taste, and a gharacteristic 
odour recalling that of cacao beans. The commercial samples contain 
considerable quantities of free fatty acids, the crystals of which can 
be recognised under the microscope. The chief constituent of the 

^ Cp. Les VegHaux utiles de VAfnque tropicale frant^ise, fascicule ii., par Em. 
Perrot. Pans, 1907. 
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solid |fatty acids is palmitic acid. A number o^f samples examined in 
the author’s laboratory contained 17-2-20 p(?r cent of free fatty acids 
and 2-34 per cent of unsaponifiable matter. 

Crossley^ and Le Sueur have examined a number of <^enuine speci- 
mens, obtained from official sources in India, wliore this fat is lar^^ely 
used for edible purposes. Their results are reproduced in the folFow- 
ing table : — 




ci 


— 




rr <1- 


Viscosity. 



























; .O 

c 


£ 

P 





.g 

No. 

Origir. 

Specific Gra 
100“ C 
(Water 100* 

fco'-* 

S“ 


(W 

Iodine Va 


01 C 
■p o 

Jr ® 

f 

at 

e 

CO 

Compared w 
^v-ater. 

1 

Bengal .... 

0 807r. 

24 T) 

11 70 

194 00 

(.2 11 

0 44 

04 05 


97-1 

4-24 

2 

0 80b2 

2t. 0 

19 15 

192 00 

04 88 



51 8 

•13 8 
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58 -53 




107 0 

4 t.7 

5 

,, 

0 

-29-0 

8 r,7 

187 40 
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(5 
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4 10 

7 
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0 8971 

24-0 

17 0.5 

188 80 

03 01 




0(1-7 

4 22 

8 

Cah’utla 

0 8043 

25-5 
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191 20 

5S 59 

0 88 



90 4 

3 95 

'J 

Boinba> 

0-8980 

24 0 

0-83 

190 50 

.53 4.t 
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Mowrah seed oil is an important article of commerce. In India 
it is employed for various technical purposes, and under the name 
Doha oil fills the place of tallow where the religious tenets forbid the 
employment of the latter. Under the name Me oil it is applied ex- 
ternally in the treatment of skin diseases. 

The tabh^ given below shows the exports of Mowrah seeds from 
British India to the following countries 


Export of Mowrah Seeds hr the Years 1900-1912 


Year. 

Germany, 

1 

France. 

1900 


80,320 

1901 


5,700 

1902 


110,853 

1903 


31,386 

J901 


71,400 

1905 


115,697 

A 906 


49,360 

1907 


32,877 

1908 

i200 

140,661 

1909 

5,057 

61,012 

1910 

155,464 

78,821 

1911 

126,780 

22,085 

1912 

274,888 

3-1,518 


nolglum. 


18, U7 
r>,2«i 

2.5.898 
26,262 
58,648 
48,581 
11,667 

6,697 

88,746 

57,490 

70.898 
39,567 
73,330 


United 

Kingdom. 


1,426 

2,200 

3,225 

28,931 

52,289 

3,375 

64,922 

42,202 

2,533 

15,741 

3,046 


Other 

Countries. 


2,422 

26 

57,073 

40,707 

31,831 

12,209 

5,988 

7,470 

563 

400 

3,705 

3,184 

9,568 


Total, 


100,889 

10,987 

195,250 

100,555 

165,104 

205,418 

119,304 

50,419 

297,092 

166,161 

311,421 

207,3.57 

392,350 


The imports of Mowrah seed oil into Germany for the year 1911 
from Belgium and China were 167 and 147 tons, and in 1912, 271 and 
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1050 tons respectively. Mowrah seed oil is used in candle- and soap- 
makinjjj. Lach ^ recommends to prepare the fatty acids by the acidifica- 
tion process, as he states tliey are moi’e readily crystallised than those 
prepared by saponification with bases. Mowrah oil cannot be used as a 
substitute for cocoa nut oil in soap-making by the cold process, as it 
saponifies with difficulty with strong caustic lye. Its soaps are easily 
salted out. The mowrah seed cakes are poisonous, and can only be 
used as manure, although attempts have been made to render them 
edible.2 

' htr St('(i'niie-Fahnliuti(iji, IDOS, 9. 

- Ifol^teiii-Olwerkc G in.b II lYciioh ])f\leTit 117,891 ; Moiiliaiipt, English patent 
23,599/1911 ; United States Ameiica patent 1,030, lot 
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Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Insolublfl Aeids 
+ Uiisapoiiiliablo 

Solidifying romt 

Molting Point 

Iodine Value 

Ter 

COllt 

Obsorvot. 

•c. 

Observer 

"C. 

Observer 

Per 

cent 

Observer 

94*76 

94*69- 

94*95 

93*95 

Valonta 

Cro&sley 

and 

Lo Sueur 
iMonon 

38 

Valonta 

39*5 

Valcnta 

• 

.56*6 

Lewko- 

wiiscli 

i 


The samples examined by Menon yielded 13-25 j)ci’ cent of stearic 
acid. Arachidic could not be detected. 


ILLIPK BUTTER 

French — Bciirre d/IlUpe, German — Illipe Butter. 

Italian — Burro di llhpL 

For tables of characteristics see p. 523. 

Illipe butter is obtained from the seeds of Bassia lonyifolia, L.d 
a tree indigenous to the southern part of India. A variety of this 
Bassia is known as Illipe malaharica in the Western Gliats from Kanara 
to Travancore and the Himalayas, where the tree ascends to an altitude 
of about 4000 feet. In the south of India this tree is known as the 
Mowa, or Mahua, or Mahwa tree, the vernacular names being (amongst 
many others) Illipi, Elnpa, FAlupi, Ilupai. The commercial Illipe 
butter is frequently a mixture of true Illipe butter with Mowiah seed 
oil, the fat from Bassia latifolia (cp. p. 518). The seeds resemble those 
of Bassia latifolia, but are a little longer and less romped. They 
contain 50-55 per cent of fat. In Ceylon the oil is known as Me oil. 
The cake obtained there by pressing the seeds is exported to the coast 
under the name “ arappo.” The poonac of Bassia lom/ifolia is used in 
India as an unguent. 

Blumenfeld and Seidel found in a specimen of Illipe butter 1-43 per 
cent of volatile fatty acids.^ 

Illipe seeds are imported into France and England, where tlieir 
fat is used in candle-making. According to Sachs, ^ Illipe butter is also 
employed as a chocolate fat. The cake is poisonous, and can only bo 
used as manure. 

^ VegHdux utiles de VAfrique iropicalc frau^uise, fascicule n., par Em. 
Perrot. Paris, 1907. 

Mitth. d. L k. technolog. Oewethe-Afuscums, 10, 160. 

^ Chem. Revue, 1908, 8. 
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A sample examined by Merm} yielded 12-20 per cent of stearic acid. 
Arachidic acid was absent. 


CIIAMPACA FAT 

French — Beurre de Chain paca. (Icrman -Champacafelt. 

This fat IS obtaineal in the Dutch Indies from Mdia Chanipaca. 
It is stated by Back ^ to consist of 70 per cent of triolein, and 30 per 
cent of tnpalmitm. 


rhiji^ind and Chmical Chatacieridics of Champaca Fat 


Speeilie (iiavity. 

Puiut. 

“C. 

lohiiie Value. 

0 901 

1 

44-4.5 

GO 232 


SHEA BUTTER, BAMBUK BUTTER, KARITE OIL, OALAM BUTTER 

French — Bcunr dc Kantcf Bcniic dc (\'f Beurre de Slice f Unde 
de Karde. (jierman — SheabuUer, Schdiutler, (hdamhutterd Italian — 
Burro di Seha. 

For tables of characteristics see ]>, 528. 

This fat IS obtained from the seeds of Pxtssia Parhi, De C. (Ilassk), 
(BufjjrosperinHiii ParLu ((.1. Don) Kotschy), a tree beloii^iii” to tlie 
Sapotneeued 

The Karite tree, vernacular names “ Kade ” (llaiissa), “ Keilenpiu ” 
(Kachi), “ Krankee,” resembling m ajipeaiance the American oak, and 
^U’owmig to a height of about 40 feet and having a massive trunk, occurs 
m enormous ([uantities on the West Coast of Africa and in the, Fiench 
and Fnglisli Soudan. It is esjiecially widely distributed in the middle 
basin of the Niger, and is as chaiacteristic of the regions of the middle 
Niger as is the palm tree of the lower reaches of the river and of tlie 
coast lines. Owing to the wide distribution of the tree, from the West 

^ Hr huhsche Mri CUV !, IDOS, Ajail 28. ^ 

“ Call by tlie author Iroiii the peroeiila^'e of olein. 

■’ The iiauie “ Karite ” is the vernacular with the Onoloff and Toiicouleiii tribes, 
whiNt the Bamb.'ir.'is and Malinke tnlies term it Ce oi Se. 

Undei the name (hdument tlieie is also known the nut deiived from AUuuhlackia 
Jlonbunda 

^ C}>, Lcs VegHaui del' Aj i unir tropiudc (xuu^mse, [ASQ.\r.\\\c Em. Peiroc. 

Pans, 11107. 
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Coast of Africa to the Egyptian Soudan, the different specimens of nuts 
and' fats exported to Europe show some characteristic differeiu’es, as the 
author has ascertained by examining a large variety of shea nuts. The 
tree growing in the Nile basin apjiears to constitute a special variety, 
wliich is known as niIodc'Kni {Kofscln/ and Chrndicr); the Dahomey ti'ce is 
described as var. Poishomi (C/iepalier), whilst the most widelv distnhuted 
tree is known as var. aaincjijohum (Pierre and Cheruher). The distmei ion 
made m commerce! betavi'en shea nuts and karite nuts does not a.])pe:i!' 
to be substantiated by an actual difference m the nuts, as the Lagos 
shea nuts exported into tli(! Fremch colonies are re-exporte'd umh'i' th(‘ 
name karite nuts. Although shea butter has beem known for a, long 
time, the first speecimens of the nuts having been brought home by 
Mun(]o Park, the first shipment on a commercial scale canu' to Eiiio])(' 
only 111 1877. Some attention is at present being paid to the com- 
mercial (!xploitation of shea butter. According to the Colonial Hepoit 
on Southern Nigeria (Lagos) 25 tons of shea butter weri! exjiorted 
in IbOl, wliereas in 11M)5, I'U tons wme brought bv niilway fi'om the 
up country. Tn lh(K) thei<! were e.\])Oit(‘(l Idhl tons of sln'a nuts 
(valued at £12,118) and 3f)3 tons of shea, buttm’ (valued at £6000). 
The bulk of this is shipped to the EkuicIi West Afiican colonies Tlie 
exjiorts of shea buttm’ from Togo passed foimeily (u]) to 1001) through 
the Cold Coast. Since 1002 tin; shea butter is ship])ed to Europe 
direct. 

The nuts have the size and shape of a,n ordinary plum. Th(‘ outer 
shell of some s])ecimens is covered with line iibres, whereas the shell 
of nuts coming from the middle Niger district proper ])resents the 
appearaiu’e of a polished siirfaia!. In some specimens tin! kernel has 
a smooth integument, in otheis the kmnel is cov(!ied by a thin layer 
of tibre. The. projioition of fat in tin' kmau'ls varies within wide limits 
aCcm’diiig to the oiigin of tin' scials In th(‘ following table 1 collate 
some r(!cently published luimbeis obtaiiuMl bv several invi'stigatois ; 
to these are added tliriM’ dctei mmations made in the author's laboratory 
with nuts from authenticated sources. 


[Table 
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Description. 

Source. 

Shells. 

Per 

cent. 

Kernels, 

Per 

cent 

Per- 
ct'ntage 
of Fat in 
Kernels. 

Observer. 





44 

Scdiindler 

and 

Wascliata^ 


West Africa 
? 


... 

63-5 

51-5 

Drabble 

Karit4 nuts 




34*0 


Shea butter nuts 

Southern Nigeria 
(Oloke Meji Reserve) 

29 

71 

36-96 

Lewko- 
witsch * 

,, 

Northern Nigeria 

.58-9 

41-1 « 

47-82*’ 



Egyptian Soudan 
(•‘Lulu ” nuts) 

32 5 

67-6 

41 0 



Tengba (from Lagos) 

31-0 

69 0 

57 0 

Gordon Mem- 
orial College 

n 



64-4 

Imperial 
Institute ® 


Bomo 



48-0 


- 

Imported nuts 
Kiln-dricd nuts 



41-4 

46 2 

•> 


“ Giddanichi ” ^ 



48-6 



“Eka”7 



62-4 



Exports of Shea Nuts and Shea Butter from Nigeria 


I 

I Year. 


1908 

1909 

1910 

1911 

1912 

1913 


Shea Nuts. 


Tons. 

3967 

9728 

4464 

3629 

7756 

9420 


Shea Jiuttor. 


Tons. 

320 

300 

340 

248 

180 

120 


Older statements with regard to the yield of fat from the seeds refer 
to individual specimens only, and have therefore no general signihca- 
tidn. Nor can the statement in- older text-books that shea butter is 
characterised by a grey or greyish-white colour be maintained. 

The fat is extracted by the natives by pounding the kernels aiid 
boiling the paste with water. The fat rises to the surface and is 
skimmed olf into large calabashes, in which it is carried to the river, 
where traders collect it and take it down to the coast. 

^ Zeitsdir f. aiujeto. Chem., 1905, 305. 

^ Quart. Jouru. Inst. Comm. Reseat ch in the Ttopics (Liver [)ool University), 1900, 

1 . 67. Unjniblished determiiiatioiis. 

^ In tins case tlie nuts were still covered with the filtrous layer. The jiercenta^^e of 
kernels c.alcnlated to the smooth nuts, fieedlVora the fibroins layer, would be 51 ’4. The 
58'9 {ler cent in the above table represent therefore .shells and fibrous layers added 
together. The latter formed about 20 per cent of the total fruits. 

® The kernels of another speeiiiieii of Lulu nuts yielded (in the Imperial Institute) 
47’2 per cent of fat. Bull. Imp. Inst.., 1909, 370. 

’ Northern Nigeria. The nuts range from 1‘5 to 2 ‘5 inches in length, whereas the* 
“Giddamchi” nuts are on the average 1*4 inchch long. 
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Little care being taken in tbe preparation, much of tlie sliea butter 
that comes to Europe has a grey or whitish-grey colour and is char- 
acterised by a strong indiarubber-like odour and taste. ]\Iore care 
is taken by the natives in the preparation of shea butter for tlieir own 
purposes, only the fresliest kernels being used. The fat so obtained 
is made up into cakes and wrapped round with leaves to })reveiit it fi'om 
becoming rancid. Preserved in this manner, the fat will keep fresh 
for several months. Tn proof of the statement that the grey colour 
must not bo considercal characteristic of shea butter, it may be men- 
tioned that a number of shea butters extracted in the author’s laboratory 
from different nuts furnished a pale yellow fat with not quite so pro- 
nounced an indiarubber-like taste as commercial samples possess. 
The fat expressed in this country from shea nuts is known as “ shea 
nut oil.” The press cake contains only 1*5 ])er cent of nitrogen ; its 
high proportion of carbohydrates renders it useful for making “ com- 
pound ” cak(5s. 

^ statement that shea butter consists of i ristearin and triolein, 
in the pi'oportion of seven paids of the former to three parts of the 
latter, is not borne out by the iodine vafues ascertained in the author’s 
laboi-atory. 

The author has therefore examined a number of dilferent shea 
butters with a view to determine directly the percentage of stearic 
acid. This was found to vary from 7 per (;ent to 37-3 per cent. 

Hebert ^ examined a sample of karite seeds and obtained the follow- 
ing figures : — 


Spociric gravity at 32'’ (t . 

0-900 

Solidifying point, ^ C. . 

. 19 

Melting point, ° C. . 

. 32 

Saponification value 

. 1911 

Iodine value 

. 09-0 

Reichert-Meissl value 

M 

Insoluble acids 4- unsaponifiablo (per cent) 

. 95-25 


The sample had the acid value 7-7. The insoluble acids were 
separated by the lead-salt-ether method into 33 per cent liquid acids 
and 67 per cent solid, the latter having the melting point 67-68° C. 

From the fractional precipitation of the fatty acids, the solid acids 
appear to consist of arachidic, stearic, and palmitic acids. 

Southcombe/^ examined a native-prepared shea butter, having the 
iodine value 57-6, by separating the solid acids from the liquid acids 
and fractionally precipitating the former. He states the composition of 
the mixed fatty acids to be as follows : — Oleic acid 60 per cent, stearic 
acid 30-35 per cent, laiiric acid 3-t per cent ; palmitic acid was not 
identified. The iodine value of the Inpiid acids was found to be 90'8. 

Shea butter plays a very important part in the economy of the 
native as an edible fat, as a liurniug oil (in the crude native lamp), 
and for cosmetic purposes. 

’ AfKspiatt’s IVicvuf^ 4th edition, vol. in. ji. 574. 

“ Lcs Matiere'i fjrasses^ 1011, 2170. 

Journ. Soc. ('’hem. Ind., 1909, 499. 
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un^aponifiahle matter m this sample amounted to 9-7 per cent. 
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According to the state of freshness of the fat the proportion of free 
fatty acids varies. The samples examiifed in the author’s laboratory 
had acid values varying from 12-5 to 29. The saponification value 
also varies considerably in different specimens, as is shown by the 
numbers recorded in the table of characteristics under the heading 
“ saponification value.” This is due to the variation in the amount 
of unsaponifiable matter, which in the different specimens examined 
by the author was found to be from 3-6 to 9-7 per cent. The unsaponi- 
fiable matter seems to cause the indiarubbei-like smell and taste. A 
process for tlie isolation of this substance (shea gutta ?) has been 
patented by Rocca, Tassy and Roax} 

The considerable amount of unsaponiliable matter in shea butter 
militates against its lieing used for soap-making purposes. Its india- 
rubber-like taste would seem to preclude the hope of preparing an 
edible fat from shea butter.'^ 

Shea butter would seem to form a good law material for candle- 
making, provided the fatty acids crystallise readily. Kassler ^ obtaimul, 
by hydrolysing shea butter in an autoclave under a pressure of 9 
atmospluires with 3 per cent of magnesia, 92 per cent of fatty acids 
of the solidifying ])oint ‘18-T’ C. On distilling the fatty acids on a 
large scale, the samples taken from the condenser during the first 
twenty-four hours had solidifying points from 48‘9'^ to C., and 
iodine values from 17-03 to 51*32. In the following six hours of the 
distillation process small amounts of hydrocarbons wore formed, increas- 
ing from 0-34 per cent to 5-07 per cent. 


NJAVE OIL, NJAVE BUTTER, NART OIL, NOUMGOU OIL, ADJAB OIL 

French---^CMrre dc Njave (l)jare ) ; Iniile dc Nouinyou, 

(jQYmixn -Njave Buffer \ Njariol ] Adjahfeft; JabiJ'etf. 

Italian— 0/m di Njair. 

This oil' is obtained from the seeds of 3Iiniuso'ps Njave or Djave 
(De Lanessan), Engler [Synonyms are:- Russia Djave, De Lanessan ; 
Russia ioxisperyna, Haoul ; Tieghemella afiicana, Pierre; Radlonella 
toxispenna, Pierre ; Radlonella Djave, Pierre ; Tieghemella Jollyana, 
Pierre], a trec"^ belonging to the family of the Sapotacea', which also 
includes Russia Parkii, yielding the shea butter. The tree is indigenous 
to West Africa, Cameroons, Gaboon, Nigeria, and furnishes, like most 
trees belonging to the Sapotacece, gutta-percha (cp. “ Surin Fat,” 
below ^). In the Cameroons the tree is known to the natives as “ Noum- 

^ Fi'eiK'li patnut ■‘161,368 ; Cennan patfiit 191,736. Cp. also I). Spence, Qua/t 
Joum. Jnst. Covivh. Research in the Tropics (Liveri)ool Univerf^ity), 1908, 61. 

At tlie Mars('illes Colonial Exhibition of 1906 there was exhibited an edible fat 
.stated to have been ])repared from shea butter and liaving the melting ixuiit 38-39'' C. 
The author was, however, not alforded an opporiiiiiity ol ta.stiiig it. 

^ Sei/ensieder Zeit., 1902, 311. 

* Les VigHau.c utiles dc 1' Afriqne tropicale frcengaise, fascicule ii., E. Perrot, 
Paris, 1907. 

The wood is known in conitneree as Cameroon mahogany. 

VOL. ir 2 M 
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gou,” and as Adjab or Njabi, and in Gaboon as “ Njave ” or “ Djave.” 
The fruits are termed by th^ natives “ Ourere.” In the Gold Coast 
(Jolony tlie fi'uits are kjiowji as “ Bako (Abeku) Nuts ” ^ (“ Mahogany 
Nuts ”). 

The natives (the Jaundes and the Nfjumbaa) prepare tlie oil by 
drying the seeds over fire and breaking the shell with stones. The 
kernels are then pounded in a moiTar oi* comminuted by rubbing 
between stones. The mass is then boiled out with water, tlie fat is 
skimmed off by hand and freed from the bulk of water by scpieezing 
between the hands and tlien subjecting it to a somewhat stronger pressure 
in baskets, by heaping stones on the mass. By this process an ex- 
ti'emely poisonous saponin, contained m the fresh seeds, is completely 
removed, so that the fat can be used for culinary purposes. The press- 
cakes (in case the seeds should bo expressed on a large scale) would 
retain the poisonous substance to a lai'ge extent and hence he valueless 
as a feeding cake. Fickemh)f states that the saponin can be removed 
completely by boiling out with water. Thereby a considerable amount 
of nutritive substances would also be removed. 

The weight of the individual nuts varies between 10 and 21-6 grms , 
one-third of which is made up by the shell. The kernels, forming from 
65 to 72 per cent of the nuts, contain 13-61 per cent of a wliite fat, which 
is solid at the ordinary temjieratuic.'^ The highest niimbeTs due to 
Fickendeij'^ refer to fresh nuts. ‘\Stearine ’’ commences to separate 
at 3r C. ; at 19° the whole mass is solid. The specimen of Njave 
butter examined by ]y edemeijer'^ had undergone a considerable amount 
of hydrolysis, for it had the acid value 38‘I ; the amount of insoluble 
fatty acids -j- iinsapomfiable was therefore somewhat liigli, viz 96-1, 
of which the unsapomliable matter formed 3-66 per cent. The sjiecimen 
examined by Freundlich '^ had the acid value 13-8; and the amount 
of unsapomliable matter was 2*20. The specimen examined m the 
Imperial Inslilule had the acid value 25-3, and contained 2-6 per cent 
of unsaponiliable matter , the speinmen examined hy Fu'kendeij had the 
acid value 18*2, and contained 2-56 per cent of unsaponifiable matter. 

The following characteristics were determined by the observers 
named : — 


‘ ol K\liil)its ol tile (loM ('it.'ist ('oloiiy, Ki aiico- Hi ill'll) E.sliibitioji, 1908. 

Fickciidcy, Der Ttopciipjlaniei, 1910, 29. 

’ (Hinn. Iicu'c, 1907, -‘1,5. 

•• find., 1908, 79 ; 100. 
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The statement made by Fickendey that Njave nuts are poisonous is 
controverted by Wagmr and Oestermann} This point requires further 
elucidation. Tliose observers found* 2-50 per cent of unsaponifiable 
matter but could not detect ])hytostcrol. 

The oil from Dumoria lleckcU ^ is described by Fierre as Tieghemella 
Heckeliana, and renamed by Chevalier “ Dumoria HeckeliF An exam- 
ination on a large scale gave the following 1 ‘esult : — 


Yield of fatty aeids by Hapoiiilicatioii, piT cent 

95 

Solidifying point of same, C. . 

. 524 

Yield of “ saponiGcatiou stearme,” per cent 

55 30 

Solidifying point of same, ° C. 

00 

Yield of fatty acids by distillation, per cent 

91 

Sobdifying point of same, ° C. . 

56-8 

Yield of “ distillation stcarine,” per cent 

. 69-55 

Solidifying point of same, C. 

. 62-5 

The cake, according to Ileckel, is extremely bitter and contains 

very low propoitiou of nitrogen. 

A specimen examined by Hebert ^ had the following characteristics 

Yield of fat from the kernels, })er cent . 

. 10 

Yield of fat from the seeds „ 

14 

Oil— 

Speeihe gravity at 15'’ (\ 

0 956 

Melting point, ° G. . 

:u 

Saponitieatioii value 

188 

Iodine value 

56 4 

Acid value . 

5 6 

Fatty Acids — 

fnsoliiblo acids + unsaponifial)le, jier cent 

06 8 

Melting poinl, ° G. . 

60 


AOUARA OIL— TIICUM OIL 

'Fiendi— Huile diaouara, Haile de Tucum. iUmmn-~Aouaraol, 
Tucumol. Italian- Olio di aonaia, Oho di tacam. 

This oil is obtained from the aouara ])alm, Aslrocanjnm vnlgare, 
Martens, which occurs in French (Juiana. In older text-books this 
oil is frequently described as a variety of palm oil. (The French 
colonists distinguish two kinds of oil palms : Aouara diAfnque, or 
A. de Guinee {Elms guirmnsis) and Aouara de la Guayane {Aslrocaryum 
vulgare), and therefore the corj-espondmg oils arc known as Aouara oil 
of Guinea and Aouara oil of Guayana.*'^ 

As in the case of the true African oil-palm, the fruits of the aouara 
palm grow in bunches. The fi iiits are oviform, and consist of a fleshy, 
fibrous pulp, in which is embedded the aouara oil, and of a very hard, 

^ Zeds. f. U liters, d. Aahiv/s- u. (ienussm., 1912, 332. 

Heckcl, Les Matike^ giu'^ses, 1912, 2791. 

^ Les Afatieres grasses f 1912, 2814. 

* Althou,^ll this fat lias a higher iodine value than the preceding fats, its close rela- 
tionship to palm oil justifies its position here. ^ 

Duchesne, Catalogue dcs colonies franr^aises, 1867, p. 88. 
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black nut (harder than the true palm nut), wliich contains a hard, 
irrej^ular kernel. 

The oil obtained from the kernel differs fiom that iccovered fi'om 
the ffeshy part in the same manner as ])alui kei-nel oil differs fi-oin palm 
oil. The kernel oil will therefore be described se])aratcly (sec below, 
under “ Cocoa Nut Oil Group ”). 

The fruits examined by Bontoux'^ were dry, althouj:^h well pre- 
served. Fifty fruits wei^dicd 8G() gi’ins., and consisted of fibrous 
pulp, 21-2 per cent ; shells, 50-1 per cent ; kernels, 254 per cent. The 
lilirous pulp gave on extraction with petroleum ether 31 ])er cent of a 
golden-yellow," fluid fal., from which '' sieaime ” separated on cooling. 
The acid value of this fat was 314. The following characteristics were 
ascertained by Bontoux : - 


tSpceific gravity at 15° L. 

0 916 

Saponification value 

106 5-107 2 

Iodine value 

7 f 8-75-7 

Eatty <acid8 4- iinsajionifiahh', per cent 

05 0 

Titer test of the fatty acids, “ (\ . 

32-2 

Neutralisation value of the fatty acids 

1 08-5-100-7 

Mean molecular weight ., 

281 0 


The oil is ])re[)arcd by the natives in the same manner as palm 
oil is obtained in West Africa. It serves for culinary purposes. 


PALM OIL 

French— //«?7c de p(dui(\ (huauan- 
Italian -Oho dt paJnia. 

For tables of characteristics see pp. 5FJ, 511. 

Palm oil is obtained from the fruit of the palm tiee Bhris (paneensis, 
L. (Jacq.), which form vast forests along the West Coast of Africa, 
extending bidween Gambia and St. Paul di; Loanda. The West Coast 
of Africa is practically the only source of palm oil. Bla i.s giiiacenm 
forms a very large number of subspecies for a description of which 
the reader is referred to A. Chevcdier and to J. Adam. 

Another species of the palm tree, viz. Elmis meJanococca, Gart. 
{Alfonsia oleifera, llumb.), is cultivated in South America (Venezuela), 
in the province Amensis in Brazil, in the *West Indies, in Java, and 
North llurmah. But the quantities of oil obtained from this tree are 

^ ('p. Lewkowitscli, Tcchnolo<ne et a7iaJi/sc chnnuiue^ dcs hm/es, (i)aisse!< et ares, 
Iraduit par E Boiitoux, Pans, vol ii. p. 1043. 

In the older liteiature tlio oil is stated to liave a vennilioii red (olour, which 
persists, even on kca'pin^' the fat for years, ft is also stated (Wiesiiei, hiv JtohstoiJe des 
Pjlanzen nnehs, 1900, vol. i. 488) lliat the colonrin*,'' inalter cannot he removed hy hoil- 
in^^ with water, hut is " hleaehed ” liy heating the lat wliilst it is e\'i)oscd to tlie air; the 
colouiing matter is also .said to fie destioyed fiy oxidising agents 

In the (Jerman literatuie tlie name “palm oil ” is given piomiseiiously to all fats 
derived fiom jilants belonging to the palm tamily, so that not only jialm mit oil but also 
cocoa nut oil is frequently referieu to as palm oil. Sueli misnomers aie apt to lead to 
confusion. 
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very small ; at any rate they do not reach the European market and 
it appears very dou})tfi]l whether the oil is really palm oil or rather 
ajat obtained from a ])alm. The American palm is smaller than the 
African ; its fruits are reddish. To this colour is due tlie local name 
“ Coroza ^ Colorado.” 

Keil states that the oil palm occurs in a small district situated in 
the North and North blast of Lake Tan^oinyika. Attempts are being 
made to cultivate the tree in the Malay Peninsula. 

The favourite habitat of the palm tree is the open country or bush- 
land, and it grows frequently where the natives have cleared the virgin 
forest. The tree is characteristic of the coast line and the lowei- 
reaches of the rivers. It will grow in all soils, but does not bear well 
at a higher altitude than 3000 feet. Under favourable conditions, 
e.g. when the plant grows in rich alluvial land, the tree forms a trunk 
when five“ years old, and then begins to yield fruit; when grown in 
hilly country the plant does not commence to bear fruit before the 
sixth or seventh year. In the first year or two of bearing fruit only 
a few bunches are obtained. The yiidd then increases and the jialm 
tree yields its full harvest in its twelfth year. This rati', of yield is then 
continued throughout the life of the palm tree, which lasts for a further 
fifty to sixty years. There arc two main crops ; in some regions four, 
or even five, are gathered in the year. The chief crop and the one 
yielding the better oil is that gathered in the early months of the year. 
Hence the best oil arrives in Europe after June. The heaviest ship- 
ments of palm oil come from the coast between May and August ; 
those from the Gold Coast, Dahomi'y, and the Lagos distiicts are 
earlier than those from Ponny, Opobo, Old Calaba.r, etc. (teiined 
“ river oils ”). The second crop is gathered in October and November 
and is less abundant than the first croj) The chief siqqily fi'om the 
Niger district (Southern Nigeria) arrives in Europe from October to 
February. 

Many writers have confused the term paJni nut with the “ fruit,” i.e 
the whole fruit consisting of an epidermis, fleshy part of the fruit and 
the seed, the latter forming a hard nut, consisting of shell and kernel 
(seed kernel). 

Palm oil is obtained from the outside fleshy portion of the ripe 
fruit. Owing to climatic conditions, the process of extraction, which 
has been hitherto jiractised e.xclusively by the natives, is an exceed- 
ingly crude one. When the fruits (“abe”) ripen the men climb up 
the trees and cut off the bunches with “ matchets.” ^ Owing to the 
lieiglit from whi(‘h the bunches fall, a largi; quantity of the fruit is 
bruised, which naturally leads to rapid fermentation and to hydrolysis 
of the oil. The bunches are stored for three or four days, when the 
women and children ])ick the fruit from the bunches ^ and throw it 

' 111 (niatoiii.'il.'i tlie rnliiiiH' nut is also termed “ (tiro/ii.” 

” It the tiee is kept hee of weeds and ciee[)ers and of Ueetle-gruhs, and projierly 
1 rimmed twiei* a year, it begins to bear aftei tlie toiirth year. 

This name is a coriii])tion of the Hjiaimsh woid “rnaclieta,” /.r. eutlas.s. 

A machine for detacldng the fruit from tlie bundles is patented unde* la-nunn 
patent 248,514 ; cp, also Haake, English jiatent 26,082, 1912, 
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into a hole dug in the ground and lined with leaves. The flosh of the 
fruit is at this time hard, and before the kernels can be separated the 
flesh must be softened. This is done by sprinkling water on the fruit, 
covering it over with more (plantain or banana) leaves weiglited by 
stones and wood, and leaving it from two weeks to three months. 
During this period fermentation sets in, which causes the fleshy part 
of the fruit to become soft, so that the kernel palm nut — can be 
removed more readily. This is done by men, who place the fermented 
fruits in a mortar, roughly made by lining a hole made in the ground 
with large, flat stones. The fruit is then beaten with long wooden 
pestles and tJie pulpy mass is ])ut into a rough net, to which several 
sticks are fastened. By turning the slicks in opposite directions the 
oil is sipieewd out, or the fieaten pulp togetluM* with thef niits^ is 
taken out by women and children and placed over another hole, the 
sides of which have been cemented by ])lastering with a mixture of 
palm oil and wood ashes. This pul])y mass is then allowed to rest 
lor a week. During this time the oil drains into the cemented hole, 
from which it is ladled out into larg<^ calabashes of a size to maki; up 
one load. 

Th(5 oil so prepared represents a sujx'rior kind of product. Women 
and cliildriMi then pick out the nuts fiom the pulp, mix the pulp with 
wat(U‘ and place it lu large iron cauldrons, where the whole mass is 
well boiled and stirred t ill the oil rises to the top. The oil is skimmed 
off and in some regions mixed with the first extracted oil or put into 
separate vessi'Is for the market. Pmally, the residm; is placed in a 
bag and sipu^ezed over a hole so as to force out the liquid, from which 
more oil rises to the top. This oil contains a large (piantity of watin', 
and IS again boiled out, skimmed olf, and jilaced m calabashes. 

The oil IS cari'K'd -mostly by women — to the nearest coast or river 
statjon, wlu're tiaders collect it in large barrels, and take it down to 
the ( f)ast station. There the oil freiincntly undergoes a rougJi puri- 
fication by being boiled up with water, and strained through sieves 
into barrels ready for shipment. 

A special kind of oil is jirepared by boiling the freshly picked fruit 
with water and ]n’('serving the skimnnul-olT oil for food purposes. This 
oil is ])repar(>d for each household, and is not exported. !(■ is known 
as “ Chop Oil.” 

In Cambia the fruit when rijie is cut down and the husk-hke cover- 
ing of each fruit is removed The clean fruit is placed in a pot and 
boiled with water until the fibrous pericar]) is sufficiently loosened. 
No fermentation is therefore allowed to assist the operation. When 
the pericarp has swollen and is therefore more easily detached from 
the stone, the whole is placed in a mortar and pounded, until the kernel 
stones can be removed. 

It will readily be understood that this crude process, which is 
practised with more or less important modifications in the same manner 

^ I'hu wliolu fruit is lioqiuuitly toriiu'd hy wntc-rs on tins sul)|ect iint In tins 

woik the whole fruit, i.c. tlio jjaliii nut sutrouiulod hy tin* lle.sliy pait .uid toiiiiin^ the 
“ p.'ilm fruit,” is clo.arly ditTeruntuted from the ]»alm nut (seeds) wliu-Ii consists of a hard 
shell, enclosing tlie oleaginous palm kernel. 
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in all the African villages,^ and seems to be a survival of the process 
by which olive oil has been produced in North Africa up to a few 
decades ago, is an extremely wasteful one ; enormous quantities of 
oil are lost in consequence of this mode of extraction. It has been 
attempted to introduce portable machinery for the more economical 
working up of palm oil, and there are in the market several machines 
of this kind.^ One of these constructed by llaake ^ consists of a pulp- 
ing machine and a hydraulic press. In the pulping machine the fruit 
is treated in the hot and the fleshy part is stripped off the nuts. The 
pulp is then expressed m the hydraulic press. Owing to the fact that 
the recovery of palm oil is a kind of house industry, and to the distance 
of the villages from the river, there is very little prospect of machinery 
being inf^oduced to a notable extent in the near future. Private 
information given to the author states that the working of Haake's 
machines has not been attended with success. A similar machine 
was patented recently by S. C. Phillips.'^ A process recently introduced 
into Togo, by which the fruits are heated for some time at 100° C. 
within two hours of gathering and then mechanically pounded and 
expressed once, is stated to yield a much better oil as regards the content 
of free fatty acids than the older methods.*'^ 

In the above described processes of preparing palm oil the seeds 
remain intact.^ 

To produce one ton of oil, 1400 bunches of fruit are lequired in 
the best managed districts. (A bunch in the state of full rijieness 
bears from 1CK)0 to 2000 fruits weighing fiorn 22 to 41 pounds.) Besides 
the oil, about two tons of kernels are obtained. In the more remote 
villages where the work is carried on less carefully, up to 6000 bunches 
are stated to be required for one ton of oil. 

The average weight of the fruit, as ascertained at the Botanic 
Gardens at Victoria (Cameroons) is 6-6 grins., of which the jnilp forms 
2-47 grms. The average weight of the kei’iiels is 0 96 gi ins., whilst 
the shells of the seeds weigh on the average 3-17 grms A(’(‘ordmg 
to these figures, 100 grms. of fruit would yiM fruit jndp 37-5 per cent, 
seeds 62’5 per cent. The 37-5 per cent of pulp is made up of 32*8 per 
cent of palm oil, the remaining 4-7 per cent being water Tnid waste 
fibre. The 62-5 per cent of seeds consists of 47-92 jier cent of shells 
and 14-58 per cent of kernels, which contain about 50 per cent of fat 
(see p. 537). Careful experiments made with fruit of the average 
weight of 6-6 grms. showed that whereas the natives reipiire 1370 
bunches for the production of one ton of oil, the same (piantity of oil 
could be obtained from 405 bunches consisting of 1650 fruits each 

* For a (lesciiptioii of the processes in ^ogue, in Dalioiney, op. Jicwkowitscli, 
Technolnfjie et analyse chimtqve'i da hiiiles, (jraisses ct cues, traduit par E. Bontoiix, 
Pans, vnl, ii. p. 1046. Gp. also Soskin, Cfiem. Herne, 1900, 290. 

- Hawkins, English patent 20,061, 1911. 

(die III Herve^ 1910, 56. 

■* English patent 9763, 1906. Cji. also J. H. Egleii, English patent 3657, 1909. 
Keiniicr, Veihavdl. Olrohsfod'komnnsswn dee luihm.-Wiitseh. Komitees, 1916, 17. 

^ A proposal to crush fruit and kernels together so as to obtain a mixed oil (pulp oil 
and kernel oil) has recently been jiateiited by A. Ilallet and Hjannael, French patent 
321,918. 
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(exclusive of tlie kernels). The yield of oil depends to some extent 
on the care which the cultivator gives the tree, on the nature of the 
soil, and the season. 

From these experiments it follows that the natives lose about two- 
thirds of the oil obtainable. Of course these last figures can only 
be taken as typical for the country from which the palm fruits have 
been taken, as the size of the fruit and yield varies considerably. Thus 
the pulp forms according to the variety of the palm tree, 27-70 per 
cent of tlie total fruit, whilst the kernels, freed from the shells, form 
9-25 per cent. Fendler ^ examined four varieties of palm fruits from 
the Cameroons locally known under the names De, De-de bakui, Se-de, 
and Afa-de. The following are the results of his examination : — 


The llesliy part of fiuit contains-- 

1 

De. 

2 

De-de bakui. 

.s 

Se-(le. 

4 

Ata-de. 

1 Oil . . ... 

LVr cent. 

(H) r> 

Ter cent. 
58-5 

Ter (ent. 

59-2 i 

Per tent, 

1)2 9 

Moisluro 

5 3 

5-7 

()0 

50 






... . 


Ih'sides these four recognised varieties of ])alin trees, there exist 
j in th(‘, (kimeroons two other varieties, termed the small-fruited and 
large-fruited “ Lisombe palm,” “ which differ from the ordmary palm 
tree in that the shells enclosing the kernel are more brittle than those 
of the ordinary palm nuts. The following table gives some informa- 
tion as to the Jjisombc varieties,^ contrasted with the ordinary palm 
fruit from Victoria in the Cameroons, and palm fruits from other regions 
of West Africa : — 




Pul]) in 

I’alm Oil 

I’alm Oil 

Kernel 

Palm- 
kernel Oil 
in whole 
fiuit. 

Oil con- 

OiJgin. 

Vaiiety. 

whole 

in whole 

eontidni-d 

m whole 

tallied in 


fruit. 

fruit. 

m pulp. 

fruit. 

kernel. 



Per cent 

Per cent. 

Per cent 

Per cent. 

Per cent. 

Per cent. 

Cameroons 

Sinall-funted 








Clsonibe . 

71 0 

32 00 

10 0 

9 54 

4-91 

49 2 

” 

baigc-fi lilted 
Lisombe, iipe . 
Larj^e-fuuted 

71 0 

! 44 41 

02 5 

12-5 

0-15 

48-9 


l.lsonibe, nniipe 

01 ly 

40-35 

00 5 

17-27 

85 

49 2 

Dahomey 

Ordinary Palm . 

37 .^> 

22 04 

00 3 

14-58 

7-13 

48 9 

De palm, Iresh . 


21 2 

50 

" 

9-3 

49 


Kissede palm, 








1 fresh . 


20-5 

54 


93 

49 

Ivory Coast 



10-18 

45-52 


9-4-11 

46-48 

Guiana 

1 


18-24 

53-57 


9-12 

43-47 


The following table due to Lommel ^ gives some particulars of the 
fruii4 and kernels obtained from the East African palms : — 

‘ lic/t'ichte d. Deni. Phanit, (iesell., 1903, 115. 

Pi’euhs, Dcr Tiopenpjlanzcu Cp. also Smeiid, he) T) openpjlanzer, xii. No. 6. 
According to Dral)blc Journ, Inst. (Ju))iin. Research m the Tropics, 1908, 

18), the Lisoiul)e (Issoinhe) iialui rebeiiibles the Abobo-be palm of the (lold Coast. 

< her Pjlanrx), 1910, 290. 
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In the Tof;^o district (Misahohe, German colony) tliere occurs 
besides the ordinary species called locally E-<lc and also anotlier 
species, calh^d locally Sedde, which is poorer in oil, and is ])cihaps 
identical with the Ee-de species described by Fcndlcr. The t'riiils 
from the first kind are differentiated from the latter by their ovoid 
shape and bright colour. Besides this species there also occurs another 
variety rich in oil termed by the natives Klu-dc. This species, how- 
^ ever, does not provide jialm oil for export. 

At the Gold Coast there ocaair four well-marked forms of oil-palms 
which are described by PJvans ^ as follows : - - 

(1) Abeluinfum or Yue Yuntx, bearing black fruits which yield 
13'77 per cent of oil. 

(2) Ahepa or Yuc, the fruits of which yield 11-2 per cent of oil. 

(3) Ahedam or Yue-hlent, beariiif,^ reddish-yellow fruits which aie 
lai'^mr than those of the other varieties. The fruits yield 11-2 per 
cent of oil. 

(4) Aboho-be or Yue Wijiam, which represents the best variety on 
the Gold Coast. The shell of the kernel is much thinner than that 
of all the other varieties, and is so soft Giat it can be cracked with 
the teeth. (In this respect it ri'sembles the Lisombe palm in the 
Cameroons.) The fruits are reddish-black, and yield 19-3 per cent 
of oil. 

The size of the fruits of the palms ^rowin^ wild in German J^kist 
Africa is A'ery much smaller than that of the Irnits from the West 
Afi'ican varieties.- The oil contained in the Bast African fruits 
amounted to 4-8 per cent only. 

Further investigations made by J. Anderson, Dina-tor of Botameal 
Gardens, Aburi, Gold Coast, in conjunction with Ee(i}is, coiilirm these 
variations with the following additions : -- 

Aoe-fitaa (“ white jialm nut ”) : Fruits, large, colour white streaked 
with l)lack. The oil obtained from this variety is yellow in colour, 
and (|Uito distinct from other commercial palm oils ; yield 15 per cent 
of oil. Iodine value 41-15 per cent 

Ahdut-be : This variety resembles Abobo-be in appearance, and 
the shell of the kernel is also soft, but the jiericarp is much more fleshy, 
and the yield is greater, viz. 25 per cent of oil. 

Adi-be : Fruits, large*, colour brick-red. This variety has a very 
fleshy pericarp, and the yield obtained is 28 jier cent of oil. 

Ahe-ohene (“king of palms”)'*: This variety has a medium- 
sized fruit, bright-red in colour, streaked with black ; yield 15 per 
cent of oil. 

It would appear from the above that Ahoho-be, Abubu-be, and Adi-be 
— all three varieties are also known as Be-nini or Abe- nun, and Abuhorn 
(they contain no kernel) — are the best varieties to cultivate, but at the 
present time the natives of the Gold Coast do not apjiear to plant any 
particular variety. 

^ (p/ai'f. .Iiiitni. 1114. Rr'ianch ta /hr Tiopn^, 190S, IS. 

Lomiuc'l, her T t opc i\ ppn , 1910, .‘59. 

* mai. hup. Inst , 1909 (7), Xil. 

■* 111 youtlieiii Nigeria the “ king jialm ” i.s known as Af-fmko-jah. 
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Besides these varieties, there is also the Ahe-Kotoko ^ (“ porcupine 
oil palm ”), so called from the Ion" spikcsdn the bunch protecting the 
drupe (“ u5c and Miita-be (‘‘broom oil palm”), which supplies 
materials for tlie best bi'ooms.'^ 

in a 1 ’epoi‘t made by a Commission appointed m 1887, the statement 
occurs tliat tbree vai'ieties are distinguished by having orange, red, 
and black fruits respectively; the first gives the finest oil, but contains 
small kernels, the other varieties give less oil but have larger nuts. 

The fruits obtained from Benin and Calabar were found by Drabble 
to contain 21-8 and 29 per cent respectively of palm oil. 

The following table ^ furnishes an instructive comparison of palm 
fruits fj'om various districts : — 


Ratio of 

New 

Calaliai 

Old 

(’alabai 

1 *ayo3 

Oixcovo 

Warn 

Berlin 


Per cent. 

Pei cent 

Per cent. 

IVi cent 

Per cent 

I’cr cent 

Pciienrp^ to whole f’lint 


98 76 

21 69 

90 89 

29-96 

95 67 

Penoaip tit ,, ,, 

Peiicai'p fat to wholo 


29 02 

14 98 

20 91 

14-01 

2 1 86 

p('iicai[i . , ' 


71 88 

.98-99 

07-8 

60-0 

69-69 

Kernel to kernel and 

1 .shell 

1 Kernel oil lokeineland 

1 20-4 

1 22-81 

25-0 

91-06 

2!-17 

20-17 

.shell 

1 f) '2 

4 7 

5-0 

12 12 

4 81 

5 0 1 

Keinel oil to kernel 

1 

2h 0 

1 

20 ,08 

20-0 

95-0 

21 -05 

25-0 

1 Aver.i^'c \ olume offiiiit 

j 

1 





in c.e. 


! 

4-0 

5 2 

6*7 

7-5 

i 




1 - 

L .. 

) . 


The following samples of palm fruits and oil were olitained from 
Dahomey and examined by Hebert The oil was oblained by extrac- 
»tion from the fruits with petroleum ether. All the oils are used by 
the natives as food with the exce])tion of that obtained from the variety 
Hepanda which is said to cause headache and sickness 

' A/i<’ 01 lx' TiuMiis Oil ji.ilm flint, bol/o — cv^vk with the teeth , bidiu in 

pieces , .n/i-Aerrpalm imt lor e;itiiii^. 

^ For a iiiore complete Imt ot \eiiiaculai names e)i. A. Chevalier, Lcs Matiurs ffrdsse'^, 
1910, 2001. 

E. Drabhle, (ptarf. Joinii. Inst. I^ohhh. Rrseiiirh in the 1907, n. No, 5, 

126, 

‘“reiieaip ” thmotes in thm cast* the fleshy [lait of the fniit only, ami not -as it 
should do in a sliutly , scientific scnsc--lhe ^toiiv shell of the Keinels, 

■’ Ar.s Mnlihcs i/ritss€s, 1911, 2171. 


[Table 
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The Parliamentary returns made in 1845 of the palm oil imported 
from the West Coast of Africa are of historical interest and are given 
belotv 


Palm Oil im, ported into United Kingdom 


Year. 

CwtH. 

1790 

2,599 

1810 

25,754 

1830 

. 213,467 

1840 

315,458 


The bulk of palm oil is shipped to Liverpool. Smaller quantities 
go to Marseilles, Rotterdam, and Jfamburg. The following tables give 
detailed statistics as far as they are available : — 


Imported into the United Kingdom 


Year. 

Tons. 

1900 

. 43,025 

1901 

51,101 

1902 

57,311 

1903 

53,252 

1904 

51,021 

1905 

45,941 

1906 

54,061 

1907 

00,743 

1908 

02,004 

1909 

. 81,041 

1910 

. 87,050 

1911 

75,120 

1912 

. 78,305 


Exported from the United Kingdom. 


Yoar. 

1900 

1901 

1902 

1903 

1904 

1905 
1900 

1907 

1908 

1909 

1910 

1911 

1912 


Tons. 

31,219 

34,443 

39,041 

30,425 

35,920 

34,074 

33,771 

41,908 

43,704 

50,828 

00,131 

44,682 

46,080 



XIV 


PALM OIL 


545 


Imports of Palm Oil into France ami Marseilles 


In tons (of 1000 kilogramnios) 


Year. 

France. 


Marsc'illcs 

Inipotts 

10\[»f)itb 


189() 

16,227 

525 

8,803 

1897 

11,820 

235 

6,732 

1898 

15,675 

239 

7.182 

1899 

17,759 

388 

12,624 

1900 

22,345 

324 

15,912 1 

1901 

17,760 

72 

10,351 1 

1902 

20,592 

419 

11,161 1 

1903 

18,109 

364 

12,216 ' 

1901 

16,317 

442 

11,972 i 

1905 

17,263 

441 

13,20 5 

1900 

14,333 

163 

8,631 

1907 

16,087 

291 

12,029 

1 !)08 

17,811 

650 

15,21,5 

1 909 

17,765 

1538 

16,004 

1910 

16,088 

2150 

j 11.129 

1911 

17,9't] 

1890 

16,699 1 






- _ - _ i 


It is impossible to give the imports into Germany previous to 191 
as up till then the impoi’ts of palm oil were ineludisd m the statistic 
data for solid fats. The German imports and exports for the yea 
19H and 1912 are given below : — 




Impoits from 

j 

M.xiioits to 


Uiltisli West J 

A frica. 

1 

1 

Tt'k'd. 

1 lalien.i ! 

1 

Jimllluv. ' 

i 

Met rie toiiH. 

Motile tons. ' 

Meliieton^ ' 

M('( lie tons. Aletnc tons. 

1911 

12,018 ; 

1 

235 

257 

104 

1912 

I 

12,()()7 j 

258 

1)1)2 

21 ' 30 

1 

In tlie 

trade the oils 

are classified as follows 



1. Soft oils, notably Lagos, Calabar, Opobo, Bonny. 

2. Hard oils, Congo, Niger, Oil River, Liberia, Gold Coast. 

3. Mixed oils from the Gold Coast and Niger district. 

Statistical details as to the quantities exported from the mdividmi 

districts of West Africa are now being collected more carefully. A 
present only the following details are available : — 

VOL. II 2 N 
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Sierra Leone 


Year. 


Value. 

1901 


. £9,816 

1902 


13,544 

1903 


14,068 

1904 


16,245 

1905 


18,524 

190() (375,573 gallons) . 

. 27,745 

1907 (015,997 

gallons) 

51,154 

1908 


37,676 

1909 


. 64,369 

1910 


64,410 

1911 


66,265 

1912 

Gold Coast 

67,878 

Year. 

(lallous. 

Value 

1895 , 

. 4,338,627 

£231,415 

1896 . 

2,394,563 

126,857 

1897 . 

. 2,021,716 

107,737 

1898 . 

2,145,138 

114,288 

1899 

. 3,323,919 

183,204 

1900 . 

. 4,238,685 

238,812 

1901 

. 3,146,390 

178,171 

1902 . 

4,227,655 

235,211 

1903 . 

. 2,589,591 

145,896 

1904 . 

. 2,236,703 

128,752 

1905 . 

. 1,598,272 

88,359 

1906 . 

. 2,143,118 

125,008 

1907 . 

. 1,867,945 

119,468 

1908 . 

. 2,255,371 

129,535 

1909 . 

2,007,296 

120,978 

1910 . 

. 2,044,868 

161,388 


Ivory Coast 


Year. 


Kilos. 

1901 


. 5,113,641 - 

1902 . 


. 6,173,007 

1903 . 


4,863,561 

1904 . 


. 5,839,970 

1905 . 


. 3,270,578 

1909 . 

Layos 

. 5,557,357 

Year, 

(i aliens. 

Value. 

1890 . 

. 3,200,824 

£190,657 

1891 . 

. 4,204,825 

252,958 

1892 . 

. 2,458,260 

137,743 

1893 . 

. 4,073,055 

252,051 

1894 . 

. 3,393,533 

187,928 

1895 . 

. 3,826,392 

205,553 

1896 . 

. 3,164,333 

159,150 
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Lagos (coiUimied) 


Yeai. 

Gallons. 

Value, 

1897 . 

. 1,858,908 

£97,590 

1808 

. 1,889,939 

97,337 

1899 

. 3,292,881 

108,157 

1900 . 

2,977,920 

190,105 

1901 . 

3,302,055 

207,408 

1903 


218,245 

1904 . 


219,114 


Soulhern Nigeria ^ and Lagos 


Year. 

Value. 

1905 . 

. £1,047,034 

1900 . 

. 1,122,071 

1907 

1,492,883 

1908 . 

. 1,235,241 

1909 . 

1,540,485 

1910 

. 2,140,891 

1911 

1,903,190 

1912 

. 1,910,980 


111 1910 the export ol piiliu oil Irom Togoland was 0,018,8(51 kilos, 
and in 1911, 3,964,596 kilos. 


French Colonies 
In tons (of 1000 kilogi'ainmos) 


' 

- - 

--- 

- 


1 


Scii.-=il 

Ficmli 

(omiea 

('oasl 

l)ali(inie\ 

Fieiich bongo. | 

1900 


01 

4340 

8,920 

112 

1901 


lt>9 

5114 

11,290 

116 

1902 


182 

0173 

12,070 

170 

1903 


'»! 

4803 

0,901 

98 

1901 

9 

171 

5810 

8,308 

152 

1905 

12 

23 

1 3270 

5,537 

159 

1900 


80 

1850 

0,378 

91 

1907 


91 

5002 

7,835 


1 908 

22 > kilos 

109 

n557 

9,520 

95 

1909 

955 

48 

0307 

1.5,010 

151 - 

1910 

nil 

55 

5955 

14,028 

1 30 


’ E:iiliei' statistical data for Snutlierii Nigcna, tlic Poito Novo tiaiisit lots iiiclmled 


Yeai. 

(j.llloiis. 

Yalta' 

I'ldO 


mi, 21)0 

lUOl 

i.o.s'.n, 104 

814,478 

no-j 

i7,"()(vsr)T 

957,047 

1'I0.S 

15,19‘2,1.% 

847,954 

IIHM 

10,22.5,17.5 

92'M(>8 

IdOj 

14, 157, .484 

,sr)8,()28 

tUOti 

1(1,042,571 

l,0m,04S 

1U07 

18,442,531 

1,313,912 


~ Including Oabon. 
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Palm oil has a somewhat sweetish taste ; in its perfectly fresh 
state it is used as a culinary fat in the villages of the West Coast of 
Africa. Its odour is pleasant and resembles that of violets; this 
odour is not destroyed by bleaching with air at elevated temperatures, 
and persists even after tlie oil has been made into soap. In conse- 
quence of the very crude mode of producing palm oil, causing it to 
remain for a considerable time in contact with fermentable vegetable 
tissue, hydrolysis r;ipidly sets in, so that the oil on reaching the coast 
contains already a notable amount of free fatty acids. Palm oil when 
shipped from the coast has at least 10-12 per cent of free fatty acids. 
The process of hydrolysis, once begun, continues in the barrels during 
the voyage, and in consequence thereof commercial palm oils, on 
arriving at their destination, contain frequently from 20 to 50 per 
cent, and even more, of free fatty acids. In such palm oils free glycerol 
is found. 1 In old samples the hydrolysis may oven reach completion, 
so that such palm oil practically consists of free fatty acids {Lewko- 
witsch). Tlie progress of hydrolysis can be observed even in oils kept 
in glass bottles. Thus a sample of Drewin oil, which had orginally 
the acid value 41’8, showed after six (summer) months the acid value 
70-1. The hydrolysis of the oil contained in the fruit has been shown 
by Dunstan to be as follows : — 

Acid ValiK'. 

Oil from fresh fruits . . . 8 4 

Oil from fruits fermented 8 days . 18-2 

Oil from fruits fermented 0 \veek8 103>7 

The value of a palm oil in the markets depends on Ihe care with 
wliicli it has been prepared, as also on the particular locality from 
which it is derived. 1die “ soft ” oils are those containing a small 
quantity of free fatty acids, whereas the “ hard ” oils contain a large 
proportion of free fatty acids. It has been shown that the oil obtained 
from fruits wliich have been allowed to ferment is much “ liardei- ” 
than the oil produced from the fresh fruit.^ The best “ soft ” oils 
come from Lagos and Dahomey. Next in quality are the River Oils 
(“ medium ” oils) ; whilst the lowest quality, the hardest oil, -is repre- 
sented by Congo oil. 

The following table, due to Y. de Schepper and Gcitel^ gives an 
indication as to the proportion of water, impurities, neutral fat, and 
the solidifying points of the insoluble fatty acids met with in com- 
mercial brands of palm oil : — 


• C}). Stenlion.so, Liehui\ AimuL^ 1810 (oG), 55. 
" Bull. hup. 1018, 206. 

" DukjI. Bolyl. Jouni , 2-15, 205. 


[Table 
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Kind of Oil. 

Water. 

Inipmities 

Soli(lif> inj; 
Point ut loitty 
Acids 

Nculia! K.it 


Por cent 

I'ei cent 

°C. 

Per cenf 

Congo 

O'? 8 0 9.4 

0 34-0 7 

J4-90 

16-23 0 

SaltpoiuT . 

3 .4-12 5 

0 9-1 ? 

46 20 

15-25 

Afldah 

4 21 

0 34 

41-14 

18-0 

Appam 

3 60 

0 496 

44 0 

25 -0 

mnebah . 

6 ?3 

1 375 

14-6 

20-0 

Feinando Po 

2-68 

0 84 

14 90 

28 

Bias.s 

3-04 

2 00 

14 1 

34-5 

New Calabar 

3 82 

0 86 

14 0 

40 0 

Niger 

3-0 

0 70 

14 0 

40 0-17-0 

Accia 

2 2-4-3 

0 60 

11 0 

43-76 

Benin 

1 2-03 

0 20 

14 0 1 

49-74 

Bonny . , 

3-0-6 5 

1 2-3-1 

4 14 1 

11-0-88 5 

Gr. Bassa . 

2*4-13-1 

0 6-3 j 

416 i 

41-70-0 

Camel oons 

1 1-8-2 4 

O'2-O 7 

416 1 

67-83 

Cape Laboii 

3-6-6 4 

0 7- 1 4 1 

11 0 1 

45-69 

Cajie Falinas 

9 7 

2 70 I 

12-10 j 

67 

Half Jack- Jack . 

1 9-4-2 

0 7-1 24 

39-11 3 

45.77-0 

Lagos 

0 5 13 

0 3-0 6 

44 0 

58-68 

Loan do 

1-4-3 0 

10 19 

414 

68-76 

Old Calabar 

1-3-1 -6 

0 3-0 8 

41-5 

76-83 

Gold Coast 

1 98 

0 40 

41 0 

69 

Shciboro . 

2-6-? 0 

0-31 2 

42 0 

60-74 

Gaboon 

2-0-2 8 

0-3-0-7 

44 4 i 

79-93 0 

Benin Lagos 

- 

6-9 

- 

i 73-0 

Benin Bonny . 

0-34 

2-86 j 

• ~ 

i 74-64 


It must of course be understood that tlie proportions of neutral 
fat depend greatly on the manner of preparing and keeping the oil. 

Tlie consistence of commercial palm oil varies from that of soft 
butter (l)rcvvin to that of tallow (Congo oil). The colour also varies 
greatly, ranging, through all shades, from orange-yellow (Lagos) to 
dark dirty red (Congo). 

The colouring matter of palm oil is not affected in the pro(;ess of 
saponihc.ation by means of alkalis or lime ; in the acid saponification 
process, however, it is destroyed. It is also slowly destroyed by ex- 
posure to air, more rapidly on heating or by bleaching with chemicals. 
The two latter processes are adopted in practice for ])reparing bleached 
palm oil. 

8ince palm oil, as pointed out already, is bleached by mere 
exposure to the atmosphere, hydrogen peroxide contained in the atmo- " 
sphere is assumed to be the bleaching agent. This stateipent hnds sup- 
port in the fact that Schonhein obtained the hydrogen peroxide react ion 
with a specimen of palm oil. This explanation has been further 
elaborated by Engler.^ The use of hydrogen peroxide for the bleaidiing 
of palm oil has been patented by Vereinigfe Chem. WerJee.'^ 

Although palm oil can be bleached by means of ozone, yet, several 
ozone processes examined by the author have hitherto not proved 
commercially successful, as the colour “reverts” in the palm oils so 

^ This IS tlie clieapi'st lianl oil. ^ This is tin; (’iK'ajiost soli oil. 

Benefik, 1900, 1101. * German patent 214, OS?. 
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bleached. Bleaching by means of hot air, or by passing air through 
the heated oil, is capable of producing a tolerably white pain! oil. The 
bleaching is carried out by blowing a current of air in a finely divided 
stream through the mass of oil, kept at a temperature exceeding 100 ° 

C. According to the kind of palm oil, the temperature must be raised 
up to 150° C. Heating the oil to temperatures of 250° C. does not 
produce a better result. In these processes the characteristic odour 
of palm oil is not destroyed. 

The bleaching process most in vogue, and that giving the best 
results, is the bichromate process. The oil is freed from its gross 
impurities, and treated according to its quality with 1-3 per cent of 
potassium bichromate, and the requisite amount of Jiydrocliloric acid. 
The dark “ chrome ” liquor is then carefully run off, and the oil is 
washed with water, at first with the assistance of a little mineral acid, 
until it is quite free from chromium and mineral acid. 

Not all ])alm oils can be bleached successfully. Lagos and Old 
Calabar oils yield good results, but dirty coloured red oils, such as 
Congo oil, have hitherto withstood all attempts to bleach them.^ 

The chief constituents of palm oil are palniitin ^ and olein. The 
solid fatty acids consist, according to Nordhnger,^ of 98 jier cent of 
palmitic acid, 1 per cent of steari(‘, and 1 per cent of an acid described 
as a “ heptadecylic ” acid, C 17 H 34 O 2 . This acid has, however, been 
shown by Hohle ^ to represent a mixture in which an acid melting at 
60-65° C., and of the mean molecular weight 288 could be identified. 
Two specimens of palm oil, Bassa raw, and Lagos bleached, examined 
in the author’s laboratory yieldexl 0'53 per cent and 0'72 per cent of 
stearic acid respectively. Hazura and Griissner found among the 
liquid fatty acids small quantities of hnolic acid, identified by the 
sativic acid yielded on oxidation. This is confirmed by the iodine 
values of the liquid fatty acids recorded in the table (p. 541). 

Colour reactions proposed for the identification of palm oil are 
useless, and in any case unnecessaiy, since palm oil cannot easily be 
confounded with other fats or oils.’’’^ It may, however, be stated that 
some specimens of palm oiL -Lagos oil and Old Calabar oil — give with 
sulphuric acid a colour reaction similar to that obtained with cod liver 
oil in chloroformic solution, although the blue is much fainter; other 
specimens do not give this blue colour, but turn red at once.® 

Palm oil is, as a rule, not adulterated with other fats, and its 
’ commercial valuation embraces therefore the determination of water, 
of impurities^ (mostly sand, added fraudulently by negroes), and of 
the solidifying point. The proportion of water and sand together 

^ Cp. &^fensiedei Z((j. 687, 724, 749, 769. ^ 

“ Paliiiitii' acid was discovcml m palm oil l)y Fremy, Liehtja AnnaL^ 1810, 36, 50. 

^ Zeltschr.f. onyeic, Chem.j 1892, 110. Jknvhte, 1905, 1257. 

^ Witli rcgaid to tlicpletectioii ol ]»alrn oil, when used n.s a colotiiiii^f material tor 
oils and fats, cp. Ciaiiiptoii and Hiiiion.s, Jonm. Am.n\ (Jficm. aSuc., 1905, 270. Small 
ipiantities (2-8 per cent) of palm oil used to bo added to margarine (“ oleomargarine ”) 
in the United States in order to give it a yellowish tint. As these colour tests apjiear to 
the author vj 3 ry uncertain, and moreover as the addition of palm oil to margaime is now 
forbidden by law, the leadei mii.st be referred to the original papers. 

** Cj). iSalkowski, Zeitschr.f. anedyt. ClirM., 1887 (.xxvi.), 569. 
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should not exceed 2 per cent ; for any excess, allowance is usually 
made by the seller. 

Palm oil is chiefly used in the soap ^ and candle industries.^ In 
the latter industry it is valued cwteris farihus by its “ titer.” Being 
a non-drying oil, it is also employed in the tinplate industry, to preserve 
the surface of the heated iron sheet from oxidation until the moment 
of dipping into the bath of melted tin. 

For the purpose of the tin industry “ palm oil greases ” are sold, 
consisting of palm oil adulterated with cotton seed oil and mineral 
oil of the specific gravity 0-l)05. 


aAMiioan butter 

French — Gmisse (Beurre) de Gamhoije. German —Gamhogehufler. 

Italian Burro di Gamboga. 

Gamboge butter is the fat obtained from Garciiua mordla, Desrouss , 
a tree common in the forests of Western India up to an altitude of 
3500 feet ; it is also frec^uently found in Ceylon. A variety of the 
fat, obtained from “ Murga ” seeds (Garcinia'i), is used for all cooking 
purposes like “ ghee.” A similar fat, from the see.ds of the variety 
known as “ Gurgi ” {Garcinia morella), is used for lighting, cooking, 
and as a medicine for sprains and injuries (cp. also p. 598). The 
following characteristics are given by 1). Hooper ^ ; - 



Muniii. 

Oiirm. 

Fat— 


1 

Sjiecific gravity at . 

0 000 

0'9()2 

M'dting point 

37" C. ! 

1 33-5° C. 

Sa])()nitication value . 

108-20 

1 194-74 

Iodine value . , , . 

! 53-72 

1 55-46 

Keichert-Meis.sl value . . . 

I 0-09 

! 0-62 

Acid value . . . . 

3-49 

1 

13-79 

Faliij Acids -- 

[n.soluble fatty atnls + un.saponifiable 

! 

i 94 89 per cent 
! 50° (\ 

i 05 20 per cent 

Melting point 

1 55° C. 

Iodine value . . , . 

56-38 

1 

57-81 


The insoluble fatty acids of the Murga ” butter consist chiefly of 
stearic acid (about 30 per cent) and oleic acid ; only small (juantities 
^of palmitic acid are present. Hooper (xinjectures that the fatty acids 
consist chiefly of dioleo-stearin. 

^ The iiegrQes in the Togo district nnike a soap from palm oil and ashes obtained by 
burning banana leaves. 

First suggested for candle industry 1836 by Hemped ami Blundel. ^ 

Journ. and Proa’ed. Asndic Soc. of Henyal (New Series), 1907, vol. iii. No. .5, 
258. 
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AKEE OIL^ 

French — Huile d'AMe. German — Akeebl. Italian — Olio di akee. 

Alcec oil is a yellow, buttery fat, stated to be obtained from the 
arillus of Blighia sapida, Kon.> a tree indigenous to tropical West 
Africa (Guinea Coast). Its cultivation was introduced into Jamaica 
between 1794 and 1838. 

The fatty acids distil unchanged under a pressure of 13 mm. at 
220°-225° C. They consist approximately of 50 per cent of oleic acid 
and 50 per cent of solid saturated acids. The acid value of the sample 
examined was 20*1. 

The oil appears to bo very similar to palm oil. 


7V///.s/Vu/ Olid (hemirol Charocfcrisficfi of Akee Oil 


SjK'OlllC! 

( il l\ It V 

Sdliilii'vin;,' 

[ roiiit 

Miltim: 

rmiit 

Sa|iniiifiratu)n 

Viilnc. 

Iodine Valiio 

Reiclieii-Meissl 

Value. 

(Welter 

1; e- 1) 

•a 

“C. 

j 

Mijinis KOI! 

1 

Per cent/ 

cc norm. 

! KOLI 

O'sr.7 

20 

1 

25-35 

1 

191-6 

1 

49 1 

0-9 


PJigmil and Chcmifal ChorarferUics of {he Iio^oJithle Faffg Aeids 


I nsolublo Acid,-) 

1 Uiisaiioii Ilia bio 

Spi'i I lie 
Gravity. 

Solidifying 

Point. 

Melt ini' 
Point 

Saponilication 

V.iluo 

Tiidiiie Value. 

Per cent. 

9'»*-in0’ (water 
10 5 = 1) 

*C. 

*C. 

MginiH. KOH 

Per cent 

93 

0-8365 

40-38 

42-16 

207-7 

58-4 



j 

I 

i 

1 ' 

i 

i 

i 

1 

Li([nid Patty 
Acids. 

82-4 


^ CJar'^ed, Pham, .hmrn.y 1900, 691. 
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MACASSAR OIL, KUSUM OIL 

French — Huile de Macassar. Gennsm— Macassar ol. 

Italian — Olio di Macassar. 

For tables of characteristics see p. 554. 

Macassar oil is the fat from the seeds of “ Paka ” (“ pacca ” in 
Calcutta), ScMcwheria tnjaga, Willd. (the “ Kusiim ” ^ tree of India, 
“ Lac tree of Kosumba,” “ Ceylon Oak ”), belom^ing to tlie Sapin- 
dacMB.^ The seeds consist of 40 per cent of shells and GO pei’ cent 
of kernels. The latter yield 70-5 per ceait of a fat, wliuGi is known 
in India as “ Kon oil,” and in Celebes as “ Ketjatkil oil ” ; known also 
in Cambodia as Pongro oil.” 

.According to a more recent examination, carried out by J. H. 
Walker, the kernels yield GO-4 per ciait of oil, which is eijuivalent to 
36'7 per (;ent of oil in the whole nuts.^ Seeds fi’om Cambodia examined 
by Ileckel ^ consisted of 35 per cent of shells and G5 ])er cent of kernels. 
The whole seed yielded hy extraction with carbon bisulphide 40-8 pei’ 
cent of oil and the kernels G2-7 per cent. 

The fat forms at the ordinary temperature a yellovvish-white, 
buttery mass. It consists chiefly of the glycerides of lauric, palmitic, 
arachidic, and oleic acids, and contains also small quantities of acetic 
and butyric acids. The specimens examined by lib)', 9 ^ yielded 45 
per cent of solid and 55 per cent of Ibpiid fatty acids. A very small 
proportion of hydrocyanic acid,® from 0-03 to 0-05 pei* cent 
seems to be characteristic of macassar oil. A sample examined m 
the author’s laboratory had the acid value 35- 13. Sjiecimens examined 
by other observers gave acid values varying from G-2»to 19-2. The 
amount of unsaponitiable matter in the specimen examined by Wijs 
was 3-12 per cent. 

In the Indian villages Macassar oil is employed as an illuminant, 
and the freshly expressed oil is used for cooking purposes in the United 
Pfovmces, and as a hair oil in the dangs of Bombay. The oil is also 
largely used for medicinal purposes, thus : as a purgative in th(‘. United 
Provinces, as a prophylactic against cholera in the Thana division of 
Bombay, and also externally in massage for rheumatism, for removing 
itch and other forms of skin diseases. 


’ This IS the IJiiHliistanj ii.-inu* tor the satllowei ])huii, and pel haps refcis to tlie 
colounii^ matter ot the lae insect wliicli often feeds upon the tna' (D. Hoopei, AiinevU. 
Ledgn, 1905, No. 1). 

- The native name (in Celehes) of tlie seeds is Kiifianibi (Koesamhie) nuts ; hence the 
alternative name Caasdinhium spniosum. Otlier Imtanieal names of tiie plant aie 
St(t(lm<uinia sidnf)xj//o)i, Bl., and Mellicocca tnjuga, Jns.s. 

^ AgncuU. Ledger, 1905, No. 1. 

Les Muherex (jrassea, 1910 , 1922 . 

Zeitschr. f. phys, (dhemu\ Axxi. (Jul)ell)and) 255. 

** Probably liberated by the action of an enzyme on a cyanogeiietic gliieoside. 
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SAWARRI FAT^ 

French — llmle de noix de Soimri. Gornian — Sawaribuder. 

Italian- di nod di Souari. 

Sawarri fat m contained in iFe nuts from Caryocar tomentosum, 
Wind. (Caryocar hutyrosum, Willd., Caryocar nadfertm),^ imported 
occasionally from South America into this country as “ butter nuts ” 
from Demerara, wlu'.re they are known under the name “ Suari ” oi’ 
“ Surahwa.” The tree has been introduced into St. Vincent. The 
seeds contain 60 per cent of a fat which is colourless and possesses a* 
pleasant, nutty taste. The free fatty acids in the specimen examined 
amounted to 2-4 per cent, calculated as oleu', acid. 

The solid fatty acids consist chietly of palmitic acid. The liipiid 
fatty acids contain besides oleic acid (identified by its oxidation })ro- 
ducT, dihydroxystearic acid) a hydroxylated acid which is readily 
converted into a lactone. The acetyl value of the liquid fatty acids 
was 14‘03. 

Phydeal and Chemical Charade ristiec> oj Saicarri Fat 


1 i 

IS|ii'('illc(ir,i\ity 
at 10 (- 
(\v,it( r at 

1) 

Soli'lifyiiig 
; ruint 

»c I 

.Mcltiri- I’omt 

1 “0 

1 

! ■--- 

S,i[)oni(i<‘!ttii)n 

Value 

Menus 

Roll. I 

1 

lo-lnw 1 

1 Roll 

0-8981 

29-28-3 

1 

1 

199.'’)1 ' 

1 

49-'. 

1 ' 1 


Physical and Chemical diaiacfcrisln's oJ fhe Insoluhie Fatty Adds 


1 

Tii.soliibli’ A<‘i(ls 
f-Uiisnpoiiili.ibli' 
I’o' cent. 

SnlKhl’Mlie 

roiiii 

°c 

i 

; j 

„ U n . * 1 

limit 

^ 1 WiMgia 

! 

Mill,' Nahio 
1’,‘I cent 

96 91 

47-46 

1 

18-3-90 1 272-8 1 

.91 .9 


MAFURA TALLOW^ 

French — Suif (Be acre) dc Mafura ; yraissc de Mafourairc. 
German — MafuralaJy. Italian — Beyo di Majara. 

For tables of charaideristics sec p. 558. 

Mafura tallow is contained in the seeds of (Mafureira oldfera) 
Trichilia emetica, Vahl. The fruits are small brown, ovoid nuts 

^ Lewkowitsch, Journ. Soc, Clini} ImL, 1890, 811 , P rot ml Chnn. 1889, t)i> 

2 Aoiierding to Semler, TropenpjOtivxr^ 1887, vol. u. 449, tlie oil lioni tins 

specimt'ii of Otn/ocar is known as IVkeaimt Oil. 

^ De Negri and Fabris, Annuli del Lain C^hiin, dellr Udhelk, 1891-92, 271. 
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(about f inch long and | inch broad) covered with a thin brown 
shell, which is easily detachable by rubbing ; about 1600 nuts 
weigh one pound. The kernels amount to 88 per cent and the shells 
to 12 per cent of the whole nuts. On extracting the nuts with ether 
61 per cent of fat is obtained, whilst the kernels alone yield 68 per 
cent, and the shells alone 14 per cent.^ 

The production of this seed is on the increase, for whereas in 1911 
57,000 kgs. were exported from Laurenzo Marques, in the first six 
months of 1913 the exports had risen to 2,000,000 kgs. 

The fat has a dark yellowish colour which cannot readily be re- 
moved by bleaching ; it is fixie from taste. Its odour recalls tliat of 
cacao butter. 

Suzzi ^ examined seeds from (Ihinda (Erythrea, Italian East Africa). 
The seeds are about 18 mm. long and 8 to 12 mm. broad. The weight 
of 1 litre of seeds is about 520 grins. The kernels ai’e white, but 
rapidly become brown on drying. The shells contain 51-2 per cent, 
the kernels 64-4 per cent, and the entire nuts 60-5 per cent of fat. 
Suzzi examined separately the fat from the shells and that from the 
kernels with the results set out below : — 



Fat liorn the SliolLs 
expiessed in the Cold 

iOit fiom tho Kernel 
oxia’pssed at 60 ' C. 

F(U — 

Spocific gravity 

0 9192-0 92.56 at 15" C. 

0'857 at 100" C. 

wSolidi tying point 

4-3'^ 0. 

32-38^ C. 

Melting ]>oint . 


36-39" C 

vSaiKmilication value 

203-6 

198 

louiue value 

6.5 

i 41 

Faltii Jt'uh - 



Solidifying point 

43-12" C. 

nO 5-48 5^0. 

Melting ]toiiit . 

46-17" 0 

52-53 5" C. 

Neiitialisation value. 

201 -2 

205 8 

Mean inoleeiilai weight 

278 8 

272 5 


An examination of corresponding samples in the Imperial Institute ^ 
ive the following somewhat different I'esults : — 


i Saponification value . 

I Iodine value 
j Titer test (fatty acids) 

I Unsaporiifiable matter, per cent 


I 


Fat from 

Fat from 

; Fatlioia 

J<’at from 

Shells, 

Kernels. 

' entire Nuts. 

i 

Kernels. 

209-7 

200-3 

1 

240 

241 

1 71-6 

62-(; 

1 55-8 

47-8 

1 45-4 

53-2 

j 


1 1-3 j 

1-4 

■■ 



Two fats evidently corresponding to those examined by Suzzi, 
and prepared by the natives of Portuguese East Africa (where the 

1 Jiyll. fmp. InsL, 1P03, 27 ; 1908, 376. 

I Sevii okosi r g/i oli, puhlislied tor the Milan ExliiluLiun, 1006, 36. 
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fruits are known under tlie native names Umkufdu, Mhlvuklu, Marha, 
Marwa-Maawa, Qnmide, Mafoureira, Mafara, or Mafyrrcra), were 
examined by Daniel and M^Crae} The mode of preparation is not 
stated," beyond the indication that on boiling the fruits (with water ?) 
a clear yellow oil — mafura od— is skimmed olf, which is used for cook- 
ing purposes, and that after the seeds arc crushed majimi taJloiv is 
extracted. The latter is used by the natives for greasing the skin ; 
it is considered by the natives to be poisonous, but tlie toxic properties 
have not been confirmed by Daniel and M'Crae. In the following 
table the results of their examination are collated ; — 



Matuia Oil, 

Mafiini Tiillow 

Fat — 



Siiccilic gravity at 15/1 f*® C. 

0-931 


,, ,, at 30/15'' a 

0 920 

0-909 

,, ,, at 40/15" (1 

0-913 

0 902 

Melting i)oint 


29 5°-38°C. 

Saponification value . 

202 5 

201 

Iodine valno . ... 

66 

43-5 

Reiclieil-Wollny value 

2-0 

1-3 

Sapoiiilicatioii laliie of acetylatod fat. 

235 

218 

Tiuc acet)! v.iluo . . . . 

36-5 

16 

Butvio-refiactonicter ; “degrees” 



,, at20"(l. . 

65 6 


„ ,, at30"C. . 

60 1 


„ „ at 40" C. . 

64 6 

47 3 

Uns.ijKiinfiablc, jK-r cent . . . ' 

0-8 

1-2 

Flee fitly acids, ,, 

8-9 

14-7 

Insolahle Fatty Acids 



Specific giavily at 92/15" C. 

0-8.54 

0-43 

Solulilynig point 

44-2'' 0. 

52-rc. 

Neutialivition value . . | 

201 

204 

Sa]ionification value 

206 

205 

Iodine \alue ... 

68 

46 

Lutyio-relractomctei : “degrees” 

37-2 at 50° C. 

26-3 at 57" C. 


“ Mafura oil ” docs not give the Halp/ten test, and is optically 
inactive. 

Vdlon's statement that it consists of 55 parts of olein and 45 parts 
of palinitin reipiires confirmation. The high melting point of the 
insoluble fatty acids would seem to render this fat especially suitable 
for the manufacture of soaps and candles. 

The seeds of Trichilia suheordata, a tiee growing in German East 
Africa yield 55-7 per cent of a fat having the following characteristics : — 


Fat — 

Solidifying point .... 30-24'^ C 

Melting point .... 45° C. 

Saponification value . . . 201-5 

lodino value .... 39-9 

Acid value ..... 39-6 

Reichort-Meissl value . . . 3-3 


1 Analyst, 1908, 


276. 



658 


GJ.YCERIDES— VEGETABLE FATS 


CHAP. 


Fatly Acid»— 
Solidifying point 
Molting point 
Iodine value 


61-5° C. 
54-55° C. 
42-4 


Fat from the seeds of Japanese medlar Eriohotrya Ja])omca ex- 
amined by G. Maderna ^ had the following characteristics 


Spocific gravity at 15° C. 
Molting point, ° (!. . 
Butyro-refraotomcfccr at 45° G. 
! Acid value .... 

! Saponification value 
I Iodine value .... 
Keichort-Meissl value 


1 obtained by 
Piessing. 

By Extraction. 

0-907 


49 

48 

75-5 

75 

90-5 

89-5 

179-9 


48-7 

■48 

5-4 I 



The fatty acids had the neutralisation value 160 and the saponi- 
fication value 173. The solid acids contained arachidic and palmitic 
acids. 

Fat from Lifsaea Zeylanica, which appears to be nearly related to 
tangkallak fat, is obtained from the si'.eds of a tree growing in the Nilgiri 
Hills, South India. The seeds yield 61 per cent of a yellowish fat. 
The following characteristics W'cre ascertained by D. Hooper^ in a 
specimen having the acid value 10. 


Specific gravity at 40° (\ 

0 9317 

Molting point 

40 

Saponification value 

244 7 

Iodine value 

45-5 

Fatty acids |- unsaponiliiihle, pm- cent 

91-3^ 

Melting point of fatty acids, ° C. 

. 40 


The oil is used medicinally as also for candle-making. 


Physical and Chemical Characf eristics of Mafara Tallow 












Soliditvlng Melting 
Point. 1 Point. 

Saponillea- 
tioii Value. 

Iodine 

Value. 

OliHcrver. 





Mgrnis. 

KOH. 

Per 

cent. 


I. 

Prepared in the Laboratory 

1 :{3-2r, 

35-41 

200 08 

44 85 

Do Negri and 
Pabiis 

If. 

„ from the entire nuts 

ConiiiH'reial 

30-23 

1 37-30 

! 

33-40 
' .13 5-42 

200 2 

220 00 

47 5 

40 14 

Suzzi 

Do Negri and 
Pal iris 



1 * 

- 

- 





^ Boll. Chim. Farm., 1910, 713. 

Annual Report Indian Mu.mnn, 1908, 10. 

3 In view of the fact that tins fat contains large (piantities of lannc acid, the per- 
centage found would rlepend on the amount of water used foi waslung the latty acids 
(see Vol. 1. p. 155). 
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Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Solid ifvniK 


Nciitialisiition 

Sai»onili('uiinii 

Iodine 


Uoint. 

Uoiiit. 

' Value. 

Value. 

Value. 

1 

OOsoj'ver. 

" C. 

o (' 

1 M«rms. 

Mkimis 

1 ]*er I 



Kon. 

KOH. 

1 ccnl.. 


47-44 

51-54 



'10-92 

Do Ncgd and 

40-40 

40-5 

(TltCI 

51-54 

101-3 

107 1 

1 

1 

1 

Kiizzi 

48-44 

i 

! 52-55 

i 

.. 

48-10 

Do No^ri and 
Fabi J8 


Myristica Group 

Tlio nieinbei'S of this ^rroup belong to ilie fjiniily of Myristicacem, 
and arc characterised by a large proportion of niyi isl in , hence t hey have 
high saponification values. Soni<^ of these fats, like ochoco fat, consist 
almost entirely of myristin. The following fats arranged, as far as 
is possible at jiresent, in the order of their iodine values, include the 
better known members of this group 

(a) Nutmeg butter, Mace buttin'. 

(h) Papua nutmeg butter. 

(c) Myristica malabarica. 

(d) Kombo fat. 

(c) Fat from Myristica canarica 

(/) Fat from Myristica guatenialensis -viiola fat. 

(//) Fat from myi'istica surinamensis. 

(h) Uciihuba fat, Urucaba fat. 

(t) Ochoco fat. 

Iriya oilf the oil obtained from Myristica iriya, an evei'grcen shi'iib 
indigenous to Ceylon, appears to be an ethereal oil, as it is obtaimnl 
from the bark. This oil was exhibited at the Paris Exhibition of 1900, 
and is stated to be applied by the natives as a remedy in cutaneous 
diseases. 


1 liulL Jmp. Inst., 1901. 
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(a) NUTMEG BUTTER, MACE BUTTER 

French — Beurre de muscade. German — Muskatbutter. 

Italian— di noce moscata. 

For tables of characteristics see pp. 563, 664. 

Nutmeg butter is obtained from the seeds of Myristica officinalis, L. 
(M. moschata, Thumb., M. freu/rans, Houtt.), a tree growing wild on the 
islands of the Indian Archipelago, notably Celebes, Sumatra, Java, 
Molucca, and the Banda Islands. The tree is now cultivated in these 
islands. By far the largest quantity of nutmegs imported into Europe 
comes from the Banda Islands. The tree, or at least varieties thereof, 
is also cultivated in the West Indies, Jkazil, and Guiana. The pericarp 
of the seed yields the arillus (mace) which is used in pharmacy, as a 
condiment for culinary purposes, and for the preparation of the ethereal 
oil contained in it. Formerly the small, as also the worm-eaten, 
rejected nuts which could not be exported, were worked up for mace 
butter on the islands of the Indian Archipelago. The nuts were ground 
to a coarse meal, filled into sacks, and steamed for about six hours 
over boiling-pots. The sacks were then subjected to pressure. The 
butter so obtained represented a brownish mass. This was exported 
in the shape of bars (resembling soap bars) wrapped in cocoa nut tree 
leaves (hence these bars were termed “ soap of Banda ”). At present 
mace butter is chiefly obtained in European works (Holland), where 
the nuts are powdered and expressed in the hot. The fat is also pre- 
pared in small quantities by extraction with petroleum ether, ^ or 
common ether, in pharmaceutical laboratories. 

The world’s annual production of nutmegs does not exceed 1500 
tons. Only a small quantity thereof is used in the manufacture of 
nutmeg butter, so that the price of the fat is somewliat high. The 
seeds contain 38-40 per cent of fat. Nutmeg butter has the con- 
sistence of soft tallow, is of whitish colour, and has tlio strong taste 
and odour of nutmegs. 

The commercial fat varies considerably in composition (see table 
below). It contains from 4 to 10 per cent of an ethereal oil ^ (hence 
the low saponification value), and consists chiefly of tiii^yristin, in 
addition to a liquid fat and free fatty acids. 

Cold alcohol dissolves the liquid fat, the free acids, and the ethereal 
oil (unsaponifiable), leaving about 45 per cent undissolved. The 
undissolved portion yields on crystallisation from ether, pure trimy- 
ristin, melting at 55° C. 

Boiling alcohol dissolves nutmeg butter almost completely. The 
solubility in alcohol is not only due to the high percentage of free 
fatty acids contained in the commercial samples, but also to the ready 
solubility of myristin itself in alcohol. 

^ The .seeds contain 38 to 40 per cent of fat, but the yield obtained by expie.saion 
hardly reaches 30 per cent. 

^ An exliau.4tive exaniiiiation of the ethereal oil has been made by F. B. Power and 
A. H. Sal way, Jouni. Chem. Soc., 190?, 2037. 
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The following table contains a few characteristics ascertained by 
Dieterich ; the first five samples were prepared by extracting nut- 
megs with ether : — 


No. of 
Sample. 

SpecillcGiavilj 
at 16° C. 

Melting Point. 

•c. 

Acid Value. 

Saponillcation 

Value. 

Iodine Value, 

Solubility 
in Put t.sof 
UoihnK 
Ak'ohol 

1 



22-4 

156-8 



2 



22*4 

159 6 



8 

0-996 

51 

22-4 

151 0 


15 

4 

6 



22 4 

22 1 

156 8 

156 8 



6 

0-915 

42 

39 2 

151-2 


12 

7 

0 957 

45 

33-6 

140 0 


12 

8 

0 966 

48 

44-8 

131 0 


10 

9 


38-5-39 

17 25 

17S 25 

45-32 


10 


42 

19-60 

173 1 ; 

42-71 


11 


43 

18 67 

172 2 

40-14 


12 


42 5 43 

18-67 

17151 

1 1 38 


13 


39 

i 21-93 

! 175 9) 

52 01 


14 


38-5-39 

22 80 

j 178 67 

48 60 



The following are the results of an examination of commercial 
samples of nutmeg butter by Spaeth - 


Origin., 

Melting 

INiint. 

' Sa{>oniflcati(tu 

bidllie 

Iteicbei t- 

Ilorraclne Index. 

iUitvio refiaotonieter 


"C. 

Value. 

\alue 



Meissl V'alue 

at 40- C 
“ Degrees.” 

Banda , 

25-26 

170-173 

77-8-80-8 

4-1-4 -2 

76-82 

Bombay 

31-31-5 

1 189 4-191-4 

50-1 -.53 -5 

M-1 

48-49 ' 

Monado, 

! 25-5 

169 1 

76-9-77 3 


74-74-5 

Penang . 

1 26 

171 8-172-1 i 

75 6-76-] 

. 

81 -.5-85 

Mncassai 

! 25-25-5 

171-8-172 4 ! 

75 6-76-1 

! . - ! 

78 5 

Zanzibar 

! 25-5-26 

i 

169-9-170 5 i 

! 1 

76-2-77 

t i 

j 

77-5 


The discrepancies in the iodine values may perhaps be due to the 
varying quantities of ethereal oil. An experiment carried out in the 
author’s laboratory, however, did not confirm this view, as a sample 
"of genuine nutmeg butter of the iodine value 59-3 showed, after being 
freed from its ethereal oil by a current of steam, the iodine value 58-3. 

From recent experiments made by Fahris and Settimj^ it would 
appear that either the essential oil had not been driven off completely 
in this experiment or that there are present in crude nutmeg butter 
other foreign substances which are not readily volatilised. Fahns 
and Setlimj digested crude nutmeg butter obtained by extraction with 
ether with 95 per cent alcohol at a low temperature (not exceeding 

^ Thia fat is derived from Myristiai malabanca, Lam. (p. 565) aad should there- 
fore not have been included by Spaeth in the above given table. (Private communica- 
tion to the author from D. Hooper, Indian Museum, C!alcutta.) 

* AUi del VI, Congresso internaz. di chiniica applicata^ Roma, 1907, v. 756. 

VOL. II 2 0 
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5"^ C.), and thus resolved the crude nutmeg butter (the characteristics 
of which are given in the tables p. 563) into an alcohol-insoluble, almost 
white and odourless fat, and an oily, reddish-brown fat having a very 
pronounced smell of mace. The latter portion formed about 6 per 
cent of the crude fat. Some characteristics of the alcohol-insoluble 
and alcohol-soluble portions were ascertained by Fahris and Settimj ; 
it would appear that the alcohol-insoluble portion is practically pure 
myristin. 



! Fat Insoluble in 

1 Alcohol tit 5“ C. 

1 

OU Soluble in ' 
Alcohol at 5° C. j 

Melting point . . ... 

1 

55 to 56'’ C. 

... 

Saponification value . 

1 226-1 1 

46-8 

Iodine value 

! 7-0 

114-3 

Butyro-rcfractometer ; “ degrees ” . 

1 36 at 50° 0. 

93-6 at 90° C. 


Nutmeg butter is frequently substituted by fats from other species 
of Myristica. Eecently the demand for mace butter has caused the 
importation of nuts from Myristica argentea, Warb,, the so-called 
Papua nutmeg, growing wild in Dutch New Guinea (see below). It 
has been stated that commercial mace butter is frequently notliing 
else but Papua nutmeg butter (see h). 

Adulteration with waxes or unsaponifiable (mineral) waxes can 
be easily detected. 

In the East nutmeg butter serves for medicinal purposes.^ In 
Europe the butter is given in the official pharmacopoeias as Oleum 
myristicce ; it is used as a basis for ointments, etc. 

The examination of a genuine nutmeg butter, obtained by express- 
ing genuine Ceylon nutmegs, was recently undertaken by Power and 
Salway} The crushed nutmegs were subjected to a pressure of 4000 
lbs. per square inch, at a temperature ranging between 45° and 75° C. 
for eight hours, and were allowed to remain under pressure for about 
twelve hours, during which time the temperature gradually fell. The 
yield amounted to 26-6 per cent. The same raw material yielded on 
extraction with ether 42-9 per cent of fat. 

The following table contains some characteristics ol (1) the ex- 
pressed fat, (2) the fat extracted by ether, (3) the expressed fat freed 
from essential oil by a current of steam, and (4) the total fatty acids ^ 


i 

' Expressed 
' Fat. 

Fat 

1 extracted 

Expressed 
Fat free from 

1 Total Fatty , 
Acids. 1 

i 

by Ether. 

Essential Oil. 

Specific gravity 60/60° C. . 

0-9399 

1 0-9337 

i 

1 0-9443 i 

0-9012 

Melting point 

. 1 48° C. 

i 60° C 1 

49° C. 

49° C. ! 

Saponification value . 

. 174-6.. 

i 180-5 

! 199-6 , 


Iodine value 

. 1 57-8 

1 45-7 

1 35-7 

23-1 

Acid value .... 

. 1 11-2 

1 , 

! 12-9 

14-0 

218-3 


^ Krasser, Chem. Jki'ue, 1897, 331. “ Joiirn. Chem. Soc., 1908, 1653. 
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Phyncal a^id Chemical Characteristics of the Insoluble Fatty Acids 


Insoluble Acids 
f Unsaponiliablo. 


82 •'3(?) 


Observer. 

F. aihi S. 


Solidifying Point. 
“ 0 . 


40 

44-4.' 


Ob.MTVt'I. 


Illlbi 
F, and S. 


d.'iT)- Lovvko- 
.45*0.5 ] ^\itscll 


- I- 


48-49 


ng Point. 

Iodine Value. 

Observer 

Per cent. 

Observer, 

Illlbl 

F. and S. 

31*6 

F. and S. 


Luimd Fatty Acids. 


03*5 

F. and kS. 


Tlie results of the investigation are summarised in the following 
table 


Essential oil ...... , 

12‘r) per cent 

Trimyristin ....... 

73-0 „ 

Oleic acid, as glyceride ..... 

3 0 

Linolcnic acid, as glyceride ..... 
Formic, acetic, and cerotic acids (very small amounts) . 

0'.5 „ 

Unsaponifiable matter ..... 

8>5 „ 

Resinous material ...... 

2*0 „ 

99-5 per cent 


The unsaponifiable matter consisted of a substance of tlie formula 
^18^22^6 (amounting to about 5 per cent of the expressed oil), some 
myristicin, CiiHj203,^ and a very small amount of an alcohol, C20H34O, 
melting at 134 °- 135 ° C. This alcohol is described as a “ phytosterol ” ; 
it differs from the ordinary phytosterol (sitosterol) (VoL 1 . Chap. III.) 
by its different chemical composition, although it has the same melting 
point. 

In addition to the Myrislica species enumerated (pp. 5 - 59 , 570) the 
following other members of the “ Myristica Group ” arc'*described by 
D. Hooper ^ : — Myristica malaharica, M. canarica, M. yuatemalensis, 
M. laurifolia. 


(h) PAPUA NUTMEG BUTTER 

French — Beiirre de muscade de Papm 
(“ Macassar nutmeg butter ”). 

“ Papua nutmeg butter,” the fat from Myristica argentea, Warb., 
contains no ethereal oil, but is said to have the same characteristics 
as the fat from Myristica officinalis (see above). 

^ Power and Sal way, Joarn. Ohem. Soc., 1907, 2037. 

“ Agriciilt. Ledger^ 1907, No. 3. 



XIV FAT FROM MYRISTICA MALABARIGA— KOMRO FAT 565 


(c) FAT FROM MYRISTICA MALABARIGA 

The seeds of M. mdabarica, a tall evergreen tree growing in the 
forests of Konkan, Kanara, Malabar, and Travancore, are S(dd ni 
Bombay as “ kaiphal” The seeds contain 32 per cent of shells, and 
yield 40' 76 per cent of fat and resins. The mace of the Bombay seeds 
differs entirely from that of the genuine mace from the official nutmeg. 
The mace of M. malaharica yields 63-26 per cent of fats and resins. 

* TJio fat from the kernels of this species differs completely from the 
fat from M. officmalis. The characteristics of a Bombay fat (from 
M. malaharica) are given on p. 561, in the table duo to S'paeth, and it 
will be observed that they differ entirely from those of the fat from 
Myristica oJjUcimlis. 


(d) KOMBO FAT, KOMBO BUTTER 
French — Beiirre de komho, heurre de imilaye. 

, This fat is obtained from the seeds of Myrmtica (Uigolensm, Welw., 
which are known in the Jebu-Odc district of Soutliern Nigeria by the 
name ‘‘ Acoomoo.” ^ In the (fold Coast Colony tlie seeds are known 
under tlie native name ‘‘ Ote seeds.” ^ In the (labooii this oil is known 
as heurre de Komho? in Angola as heurre de Mutage or heurre d'lkoum 
(Banouin). The seeds are described by Warburg as being obtained 
from Pycnanthm Komho (Baillon), Warb. This latter tree is widely 
disti'ibutcd in the Gaboon (where it is known as arhre d siuf du Gabon), 
in the Congo, and Angola. The seed, after being freed from the arillus, 
but still retaining the shell, gave by extraction with carbon bisulphide 
15-5 per cent of fat ; the endosperm alone yields 56 per cent of a fat 
melting at 51° C., and solidifying at C. The fat has a pleasant 
aromatic smell, hut on standing is said to develop the odour of tri- 
methylamine. 

Specimens of fruits rci’eivcd by the Imperial Institute^ from 
Northern Nigeria were of the size of a small, oval plum, weighing in 
the dry state about 4 grins. The fruit breaks up easily into two 
thick, hard pieces of husk, and an inner nut, covered with a false arillus. 
The seeds are frequently mistaken for nutmegs but they contain no 
ethereal oil. 

The nut has a very thin shell wliich can be easily removed from the 
contained kernel. The ground kernels yielded on extraction with 
light petroleum ether 54 per cent of a hard fat, having the following 
characteristics : - 

1 E. Drabble, (piart. Journ. Inst, of Comm. Research in the Tropics (Liverpool 
University), 1907, vol. ii. No. .5, 132. 

Catalogue of Exhibits of the Gold Coast Colony, Franco- British Exhibition, 1908. 

3 lleckel, Les Graines grasses nonvelle^ on pen connnes des colonies fran^aiscs, 
p. 105. * ’ 

* Bull. Imp. Inst., 1908, 878. 
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Crude Fat. 

Refined Fat. 

1 

specific gravity at 09° C. (water nt 15° 1 ) 

0-887 


Acid value . . 

26 5 

nil 

Saponification value ... 

266 0 

183-0 

Iodine value .... . , ! 

! 65-4 

33-7 * 

Insoluble fatty acids +unRaponifiablc 

1 90 0 


Titer test | 

! 37 

[ 

37-6 1 

„ i 


The very great difference in the iodine values between the crude 
and refined fats is not readily explainable. 

The “ Mace ” yielded to solvents 57-04 per cent of an oil which 
develops a deep violet colour on treatment with alkalis. The oil gave 
the following numbers : — 


Specific gravity at 09° C. (water 15° 0.-=;l) , 

0-860 

Sa])onifi cation value 

214 

Iodine value 

77-45 

Insoluble acids + unsaponiliable, ])cr cent 

91-2 

Titer test (fatty ai-ids) . 

35°(’. 

The specimen had the acid v<ilue 

40-7 


(e) FAT FROM MVRTSTICA CANAHICA 

The seeds from Mijristica canarica have been occasionally imported 
into this country under the name “ Oil Nuts ” from Africa and South 
America. In India the seeds are derived from the “ Candle-nut tree,” 
growing on the Western Ghats, from the Konkan southwards. 

The entire seeds yield 49-4 per cent of fat ; tlie mace 51 -G per cent 
of fat ; the kernels separated from the shells furnish G4-70 per cent of 
fat. The fat was light lirown and crystalline, and gave in the cold 
with strong sulphuric acid a carmine-red colour. 

The following characteristics were ascertained by Hoojper : — 


Fat— 

Melting point . . a 

Saponification value .... 215-02 

Iodine value .... 26-64 

Acid value .... 37-08 

Fatty Acids— 

Insoluble acids + unsaponifial)lo . . 92 per cent 

Melting point . . . . . 41° C. 

Neutralisation value .... 217-53 


The solid fatty acid was separated by means of the lead-salt-ether 
method and was found to consist of myristic acid ; the proportion of 
myristic acid was found to be 70-8 per cent. 
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(/) FAT FROM MYRISTIOA GUATEMALENSIS, VIROLA FAT ^ 

The seeds of Virola fat^ from Virola venezuelensis, Warb., known in 
Venezuela by the local name “ cuajo,” contain, like the seeds from 
Myristica moschata, besides the fatty oil, an ethereal oil. The seeds 
yield 47*5 per cent of a brown fat, from which pure myristin of the 
melting point 54®-55° C. can be obtained by crystallising twice fi’om 
ether (cp. Vol. 1. Chap, L). Virola guatemalensis (Warb.), “ Afiican 
oil nuts,” yield an oil of the iodine value 13-8. This is possibly 
identical with the oil from the nuts of Virola surinaniensis. The shell 
forms 17 per cent of the seed ; the kernels yield 74*7 per cent of a 
light brown fat, for which ascertained the following char- 

acteristics ; — 


Fat— 


Specific gravity at 50® C. . 

0-8996 

Solidifying point, ° G. 

. 44-5 

Melting point, ® C. . 

. 47 0 

Saponification value 

. 221-5 

Iodine value ..... 

. 12-4 

Acid value ... 

. 19-1 

Refractive index at 40® C. 

1-4541 

Fatty Acids — 

Insoluble acids + unsaponifiable, jicr cent 

. 95-18 

Unsaponifiable, per cent , 

0-86 

Solidifying point, ® C. . 

. 39-5 

Melting point, ° C. . 

. 43 0 

Iodine value 

. 12-9 

Mean molecular weight 

. 253 2 

Refractive Inde.t at 45° ('. 

1-4482 


(g) FAT FROM MYRISTICA SURINAMENSIS 

This fat is obtained from the “ oil nuts,” the seeds of Myristica 
surinamensis, Virola surinaniensis, Warb. It has a crystalline structure, 
melts at 45° C, (Reimer and Will.)y^ and appears to have a chemical 
composition similar to that of ucuhuba fat. A specimen of crude 
commercial fat contained 87 per cent of triglycerides, 6-5 per cent of 
free myristic acid, and a caoutchouc-like (resinous) substance. To 
the presence of the last-named substance must be ascribed the fact 
that the crude fat is not completely soluble in petroleum ether or in 
boiling alcohol. The amount of insoluble fatty acids + unsaponifiable 
found by Valenta as 93*4 per cent includes, of course, the resinous 
substance. Probably identical with this is the seed from Virola guate- 
malensis, cp. p. 567, examined by Grimm. The seeds consisted of 
14*6 per cent shell and 85-4 per cent of kernels. The kernels yielded 
60-7 per cent of a light brown crystalline fat which had the following 
characteristics 


1 Chem. Revue, 1910, 233 ; 263. 


a Benchte, 1888, 2011. 
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Fat- 


Specific gravity at 60° 0. 


0-9006 

Solidifying point, ° C. . 


. 38-5 

Melting point, ° C. 


. 41-0 

Saponification value 


. 244-0 

Iodine value 


. 13-8 

Acid value 


. 27-9 

Refractive index at 50° C. 


1-4539 

Fatty Acids — 

Insoluble acids + unsaponifiable, per cent 

94-83 

Unsaponifiable matter, per cent 


M3 

Solidifying point, ° C. . 


. 36 8 

Melting point, ° C. 


. 38-0 

Iodine value . . + . 


. 15-6 

Mean molecular weight . 


. 246-5 

Refractive index at 50° C. 


1-4486 


ih) UCUIIUBA FAT, URUOABA FAT, BTCUIIYBA FAT ^ 

French — Graisse (rUcuhuba, Suif du Muscadier hrasilien.. 

German — U CMhubafetf, Urucabafett. 

Italian — ^ego di ucuhuba. 

Uculuiba fat is obtained from the nuts of Virola (Myristica) hienhyha, 
Humb. It is stated that the fat from Virola bicMhyha is usually mixed 
in Brazil with that of Myristica officinalis. Owing to the crude method 
employed in its preparation, the fat as brought into the market is 
yellowish brown, and has an aromatic odour (due to a small (juantity 
of an ethereal oil), recalling that of cocoa nut oil. 

Ucuhuba fat consists of myristin and olein (10'5 per cent), small ► 
quantities of an ethereal oil, of a resinous substance, and of a wax- 
like compound, The resinous substance is soluble in ether, hot alcohol, 
petroleum ether (?), and chloroform. 

The sample examined by ValetUa contained 8*8 per cent of free 
fatty acids. A sample examined by the author contained 3-15 per 
cent of resinous matter and 3-05 per cent of unsaponifiable matter. 


Physical and Chemical Characteristics of Ucuhuh< Fat 



Speclflc Cravity, 

Solidifying 

Point. 

Melting 

l‘oint. 

Saponi- 

fleation 

Value. 

pKlmo 

Value. 

lleiehert- 

Meissl 

Value. 

Observer. ' 


At°C. 




Mgrins. 

KOU. 

Per cent. 

r.c. 

norm. 

KOtl. 






39 

219-220 

9-5 


i Valenta ^ 




32-32-6 

1 42-5-43 




* Nordlitigor ® 


100 

10b 

100 

15 

0-9127) 
0-8715 j 


1 

1 

36-44-7 

i 

218-8 

i ' 

18-5 

2-68 

Lewkowitseh 




^ French patent 394,362 ; English patent 19,511, 1908 ; Italian patent 292/235/97945, 
^ Journ. Soc, Chem. hid.^ 1889, 202. ^ Berichte, 1888, 2617, , 
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Physical arid Chemical Characteristics of the Insoluble Fatty Acids 


Insoluble \(‘i(ls 
f Unsaponirtable. 


Melting Point. 

Per cent. 

"C. 

1 

j Observer. 

9;P4 

46 

1 Valenta 


42-5-43 

i Nordlingor 

80 37 


1 Jjcwkowitsch 


(i) OCHOCO FAT ^ 

French — Beurre dVchoco. German -Ochocofelt. 

Oclioco fat is contained in the seeds of Scyphocephalium ochocoa, 
War., a tree indigenous to the west coast of Africa. From a descri])- 
tion pnl)]ishcd by Pierre‘S it appears that the nuts have no arillus and 
that they are non-deliiscent. He therefore looked upon the plant as 
representing a new genus of Myristicaceae, and named the tree Ocliocoa 
gabonii, Warburg,^ in 1895, described the tree as Scifp/tocephalium 
chrysotkrix, and later in 1897 as Scyphocephalium ochocoa} The 
statement ho made in 1895, viz. that the nuts had a*n arillus and are 
dehiscent, was corrected later on,'* in so far that the question as to 
whether the nuts were possessed of an arillus or not was left open, 
A very large number of nuts examined some years ago by IlecJcel,^ 
as also those submitted to the author, showed no sign of an arillus, 
and hence would not yield ethereal oil. 

The specimens examined by the author were identified by the 
Kew authorities as the kernels of Scyphocephalium ocliocoa. The 
average weight of the kernels is 10 grms. ; the smallest weighing 5 
grms. and the largest 12-5 grms. The kernels together with the thin 
husks surrounding the endocarp yield 58-8 per cent of fat. By what- 
ever process the fat is prepared, a dark brown colouring matter is at 
the same time extracted, which is so tenaciously retained by the fat, 
that the author has hitherto been unable to remove it. Similar 
difficulties were met with by Heckel and his collaborators. This dark 
colouring matter is not only contained in the husks but also in the 
membranous extension of the husk (spermoderm) which passes through 
the whole of the endosperm, in the form of irregular lamollfo radiating 
from the chalaza. As the examination of the dark fat offered some 
difficulties, the only way to obtain a fat free from colouring matter 

^ Levvkowitscli, Analyst, 1908, 813. 

Jivll. de la Soc. linnknme de Paris, 1898, No. 5. Seance du premier mai, 1896. 

^ “ Ideutificieniiig der sogenaniite]! Ochoconu.sse aiiM Gabuii mit Scyphooepli^aluirn 
einer iieuen Muskatmi.s.s-Gattuiig,” Notiztdait des Kunighch, Hot. (jlart. Berlin, 1895. 

Warburg, “ Monographic dei Myristicaceen, Acta Leopoldina, Halle a/S. Ixviii., 

1897. 

® Les Grained grasses nouvelles ou peu connues des colonies fraia^aises, Paris, 1902. 
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was to cut out the white endosperm carefully by hand. The amount 
of endosperm so obtained formed 84-7 per cent of the kernels. These 
84* 7 per cent contained 694 per cent of fat. 

The white endosperm, on being extracted in the usual manner, 
yielded a perfectly white fat of the acid value 142, which gave the 
following characteristics : — 


Fat— 


Specific gravity at 60° C. (water at 4°=^1) . 

0 8899 

Melting point, ° C. . 

4548 

Saponification value .... 

238-5 

lodino value ..... 

1*72 

Rcichcrt-Mcksl value .... 

0*65 

Insoluble volatile acids required 

4-OOc. c. docinorm. KOll. 

Unsaponifiable matter, per cent 

0-37 

Fatty Acids— 


Mean molecular weight of the fatty acids, 


freed from unsaponifiable matter 

221-9 

Melting point (capillary tube), ° C. . 

47-2 

Iodine value . * . 

1-47 


These numbers lie so near to those yielded by myristin that the 
fat may be considered as consisting of practically pure myristin, or 
about 98 per cent of myristin and about 2 per cent of olein. The 
mixed fatty acids gave on separation by means of the lead-salt-ether 
method 12*82 per cent of acids, the lead salts of which were dissolved 
*' by ether. The acids obtained from these lead salts were, however, 
solid, melted at 31*7-32*2'’ C. (in a capillary tube), and absorbed no 
more than 9*9 per cent of iodine. 

The mean molecular weight of the insoluble volatile acids was 
found to be 227*3 (myristic acid = 228) ; they melted at 43*348’9° C. 
The mixed fatty acids lost by washing with a considerable quantity 
of boiling water were only 1*5 per cent. This shows that the acids 
consist practically of pure myristic acid, and inferentially that ochoco 
fat is free from laurin. 

The natives apply the name “ Ochoco ” indiscriminately to several 
edible fruits, such as the fruits from Lophira data (see “ Niani Fat ”), 
etc. 


OTOBA FAT 

Otoba fat, commercially known also as otoba wax, is the fat from 
Myristica otoba, Humb. and Bonp. 

The otoba fat, which is known as American mace butter, is obtained 
in New Granada by pressing the seeds. In its fresh state it has a 
pleasant aromatic odour, like mace butter, but in the melted state it 
has kn unpleasant smell. According to Vricdchea ^ the fat consists 
of myristin, olein, and a substance termed by him otohit. This sub- 

^ Liebig's AnnaJ., 1854 (91), 369. 
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stance is stated to crystallise in large prisms of melting point 133^ C. 
(sitosterol ?). ■ 


FAT FROM VIROLA SEBIFERA 

This fat is obtained by boiling the fruit from Virola sdifera, AubL, 
with water. It forms a yellowish tallow-hkc mass, of slight ethereal 
odour, having the specific gravity 0-995 at 15° C., and melting at 45° 
C. The fat is stated to consist chiefly of myristin and olein, and is used 
commercially in Guiana in the manufacture of soaps and candles. 


OCUBA FAT 

The fat from Myrisfica ocuha, Humb. and Bonp., commercially 
known as ocuba wax, is obtained from the fruits of a shrub similar 
to our haiiel nut trees. The nuts are surrounded by a thick skin, 
which yields on extraction with water a pink colouring matter — 
ocuba red. The seeds yield 20-22 per cent of “ ocuba wax.” 

This fat is a commercial article in Belem, the capital of the province 
Para in Brazil, and is used there as a candle-making material. An 
exhaustive examination of this fat has not been made yet. The 
specific gravity is stated by some writers as 0-920 at 15° C., and its 
melting point is given as 39°-I0° C. These data render it extremely 
unlikely that “ ocuba wax ” is chemically speaking a wax ; hence it is 
classed by the author amongst fats. 


FAT FROM VIROLA MICHELI 

This fat is obtained from the nuts of Virola Micheli, Heckel,^ a 
tree occurring in Fi-ench Guiana. The arillus yields by extraction 
with carbon bisulphide 47-1 per cent of a mixture of ethereal oil and 
fat. The endosperm gave 65-41 per cent (51-25 per cent of the total 
seed) of a solid w^hite fat which must have contained considerable 
quantities of foreign substances, including ethereal oil, as the specific 
gravity is stated by Heckel to be 1'043 at 15° C. 


FAT FROM STAUDTIA KAMERUNENSIS 

The seeds of Staudtia Kamerunensis, Warb.,^ freed from the arillus, 
yield 31-7 per cent of solid fat of a yellow colour, and an aromatic 
taste and odour.^ The insoluble fatty acids solidify at 39-2° C., and 
are stated to consist of myristic and oleic acids. 

^ Jas (J mines grasses noux'elles ov pen connues <ks colonies fiwigaises, p, 118 . 

■2 .. Ill 
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PHULWARA BUTTER, INDIAN BUTTER 

French — de Fulware (Ghe, Ghee). (jevmsLn-~FulwaJ)ul^^> 
Phulwarabutter. Italian — Burro di Fulwara ; burro di ghee. 

For table of characteristics see p. 573. 


This fat is expressed from the seeds of Bassia (Illijie) 

Roxb., the Indian “ butter tree ” (known locally under the 
“ Phulvara,” “ Churi,” “ Yel ”), indigenous to the Himalayas. 
not be confounded with Mowrah seed oil nor Mahua butter. The 
contain 50-52 per cent of fat, which has the consistence of lard 
is stated to keep well, even in India, without becoming rancid. 

The specimen examined by Crossley and Le Sueur had the 
value 16-44. . No stearic acid could be detected in the fatty acids 
Phulwara butter is one of the most important food-stufTs 
the natives of the North-West Provinces, on account of its 
odour and agreeable taste. The butter is also highly valued a? 
ointment, when properly perfumed ; it is frequently adulterater 
India with kokum butter and mahua butter. 


^ Mellon, Joi/rn JSac. Chan, fad., 1910, 1428. 


[Tab)® 
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SURIN FAT^ 

Yimch—Huile de Surin. German — Siirinfett. 

Italian — Sego di Surin, 

Surin fat is probably derived from the seeds of a species of Palaquium. 
A specimen obtained by the author from the Imperial Institute was 
described as “ Minyak surin, from Perak, Straits Settlement.” After 
removing some impurities by filtering, the following characteristics 
were ascertained in a sample containing 43-2 per cent of free fatty 
acids. 


Fat — 

Specific gravity at 60*^ C. (water at 60° C. = l) . 0-9021 

Solidifying point, commences to solidify at ° C. , ’ 48-9 
„ „ sr.lid at ° 0. . . 43-90 

Melting point (capillary tube), ° C. . . 56-1 

Saponification value .... 179-5 

Unsaponifiablo matter, per cent . , 4-64 

Iodine value ...... 42-31 

Reichort-Wollny value . . . 0-55 

Fatty Acids — 

Solidifying point, ° C. . . . .69-1 

Mean molcjcular weight .... 284-9 


Stearic acid (of melting point 67-8° C.), per cent 58-2 

Evidently the fatty acids consist of a mixture of stearic acid and 
oleic acid only. The extremely high proportion of stearic acid would 
seem to render this fat a very useful raw material for the candle 
industry, although the considerable amount of imsaponifiable matter 
might militate against its use. (Possibly the high proportion of 
unsap6nifiable matter is due to careless preparation of the fat.) 

Although a number of species (eighteen) of the genus Palaquium 
(family of Saqmtacem), all of which yield gutta-perclia, liave been 
described, the fats obtainable from them are hardly known. The 
seeds of Palaquiiim pisang, Burck (Sumatra), are stated to yield 45 
per cent of a bitter, yellowish fat, known in commerce under the name 
“ Balam tallow.” 

From the seeds of Palaquimn oleosum, Blanco (Sumatra), a white 
sweetish fat (“ Sun tei tallow ”) is expressed. Palaquium oblongifolium, 
Burck (Borneo), is said to yield a hard white fat (“ Njatuo tallow ”) 
consisting chiefly of “ stearine ” (whatever this may mean). It is 
used in West Borneo as an edible fat. De Jongh and Tromp de Haas ^ 
described the fat from Palaquium oUongifolium, Burck (which yields 
the best kind of gutta-percha), and gave the following figures 


‘ Lewkbwitscl), Analyst, 1906, 2. 
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Yield of fat from seeda 
Melting point of fat 
Saponification value 
Iodine value 


32-5 per cent 
40*^ C. 

201-5 

34-3 


The specimen examined by them was comparatively fresh, as the 
percentage of free fatty acid was only 2-L It is stated to consist of 
67*6 per cent of stearin, 36 per cent of olein, and 6-5 per cent of palmitin. 

The oil from a species of Palaquium examined by Bontoux gave 
the following characteristics : — 

Oil — 


Solidifying point, ° C. 

. 30 

Melting point, C. . 

. 38 5 

Saponification value 

. 177-7-182-3 

Iodine value 

. 48-2-57-2 

Fatly Aedds — 

Titer test, C. 

. 54-8 

Melting point, ° C. . 

. 57 

Neutralisation value 

. 181-1-182-8 


' Obviously “ Siirin fat ” does not differ imicli from the fat of Pala- 
quium ohlongifolium. 


MKANYI FAT 

French — Buif de Mkany, Cerman — Mhanyifeff, 

Italian — Btgo di Mkany. 

For tables of characteristics see p. 570. 

Tliis fat forms about 67 per cent of the seeds of Steawdeiidron 
Stuhlmannii, Engl. {AUanblacha StuJdmannii, Engl.), an East African 
Guitifera (called Mkanyi by the natives of Uluguru). The fruits, 22 
cm. long and 15 cm. broad, enclose about 30 seeds, resembling chestnuts 
in form. 

The fat, as prepared by the natives, is of yellowish-white colour ; 
it is sold at Bogamoyo in lumps having the shape of ostrich eggs and 
weighing fi-om 700 to 800 grms. The acid values of various specimens 
of the native product were 23-33 (Heise) ; 11-6-20-7 {Henriques). 
According to Heise,'^ who first examined this fat, Mkanyi fat consists 
chiefly of the mixed glyceride, oleodistearin (Chap. I.). No palmitic 
acid was found in the fat. 

* IIei.se, Arb. a. d. kaiserl. Qeswidhcitsamte, 1896, 


[Table 




61 ’4-61 '6 Henriques 61 '5 Henriques 

Titer test) ■ 
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RAMBUTAN TALLOW ^ 

French — Suif Ramhutan. Oenuan — RaiiihiUanfalg. 

Italian — Sego di Ramhutan. 

Rambutan tallow is obtained from the seeds of Nephelium lappa- 
ceum, L., indigenous to China and the Siinda islands. The seeds con- 
tain 40-48 per cent of fat. 


Physical and Phcmkal Charactc} isfirs oj Itaiiihufaii Tallow 


Specillo Gravity 

Solidifying Poinf 

Molting Point 

Sapotiific Value 

Iodine A aluo. 

0'9236 

'0. 

88-89 

"(t 

42-46 

19;{ 8 

diPl 

Physical and i%anical Cliaiartci isfirs of the lusolahJe Valhj Acids 

Solidifying ronit. 

Molting Point 

Noiitnilisation 

Value 

Mean Moleculai 
Weiglit.. 

lodiiio Value 

•c. 

hi 

°C. 

.58-61 

186-4 

800-9 

41-0 


The higli mean molecular weight of the insoluble fatty acids- ui- 
dicatcs the presence of fatty acids higher than stearic acid ; indeed, 
arachidic acid was isolated, as also a small quantity of stearic acid ; 
palmitic acid is stated to be absent. The proportion of oleic acid 
in the insoluble fatty acids was found to be 45-5 per cent. 


MALABAR TALLOW, PINEY TALLOW ^ 

¥i‘enc\i~Siiif de Pitiey {Malabar). GeYmm—Malahartalg, Valeriafett, 
Pineytalg, PJlanzentalg. Italian — Sego di Pimy. 

For tables of characteristics see p. 578. 

This fat is obtained from the seeds of Valeria indica, L., a large 
evergreen tree indigenous to the Fast Indies, which yields the “ piney 
resin ” or white dammar of South India, or Indian copal (“ vellai- 
Kungiliani ”). The tree occurs especially in the Western Peninsula 
from Kanara to Travancore, and is found at an altitude of 4000 feet ; 
it is known locally as “ Diipada ” and “ Pinne.” The fat is extracted 
by grinding the roasted seed and boiling the meal with water, when the 
melted fat rises to the top and is skimmed ofi. 

^ Baezewski, Joiirn. Soc. Cfiem. Iml., 1895, 1049 ; Monatsh, f, Clieiii., 1895, 866. 

^ Wagner's Jahreshenckt, 1884, 1186. 

VOL. II 2 r 
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54-8 Hohnel and Wolfbaiier 56 6 Hohnel and Wolfbauer 
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Malabar tallow is free from taste and odour. In the fresh state 
it has a greenish-yellow colour which on exposure to the air is rapidly 
bleached. Its consistence approaches that of mutton tallow. The 
commercial fat contains about 2 per cent of a pleasantly smelling 
volatile oil, which can be extracted with alcohol. Two samples of 
fat examined by Crosshij and he Sueur ^ had the acid values 5-18 and 
15*34 respectively. 

The specimen of Malabar tallow examined by llolind and Wolf- 
hauer consisted of 19 per cent of free fatty acids and 81 per cent of 
glycerides. The solid fatty acids melted at ()3'8° C. 

In India Malabar tallow is used as an edible fat. 


CACAO ^ nUTTEK 

French — Beurre de cacao, (Aeunm—KakaobaUcr. 

Italian — Burro di cacao. 

For table of characteristics see jip. 588, 589. 

Cacao butter is expressed from the cacao beans, the seeds of the 
cacao tree, Tkeobroma cacao, L.^ 

This tree is indigenous to the West Indies. As its cultivation is 
remunerative, it has been introduced into various trojiical countries, 
esjiecially Central and South America. The cultivation of the tree 
on the West Coast of Africa has also been attended with success, and 
considerable ((uantities of cacao beans from Nigeria, etc., are shipped 
to Europe. The cacao pods are (uit open by hand, and the beans, of 
which the pods contain from 25 to 40, are brought into fei'inenting sheds, 
where they undergo rotting, i.e. a kind of fermentation. The fermented 
beans are then dried either by exposure to the sun or with hot air. 
In the course of this fermentation the aromatic substances cliaracter- 
istic of cacao are formed. At jiresent even vacuum plant is being 
introduced into the West African cacao jilantations, so as to di’y the 
beans in as expeditious a manner as possible before shipping them to 
Europe. The experimental cultivation of the cacao tree* in Dahomey 
gave very good results, but has not led to commercial success owing 
to the competition of the neighbouring colonies. 

The following tables give some data as to the extent of the pro- 
duction of cacao and the imports into the most important countries - 


^ .Journ, Soc. Chc7ii. hid , 1899, 991. 

1 prefer tlie spelling “cacao” to “eoeoa,” in order to avoid the eonlounding of 
this fat with cocoa nut oil or koknin butter. 

^ For a useful summary of our knowledge reganling the botany, chemistry, and 
diseases of the cacao tree, cp. H. Wright, Theohronui Cacao or Coco, Colombo, 1907. 

^ A description of a drying house for cacao erected in Trinidad is given in the 
Quart. Journ. Inst. Comm. Research in the (Liverpool University), 1907, vol. il. 

No. fi, 1*21 ; cp. also Lechniann, Kakao uud SclwMade, Hannover, 1909. 

® Cp. 0. Kohdieh, Inawj. DmerL, Jena, 1908. It may be added that about one-fifth 
of the world’s supply of cocoa comes at present from San Thome and Principe. 
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Other countries (estimated) . . 30,124,613 33,586,000 26,101,791 64,288,359 64,268,359 1 65,554,298 19,622,665 
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The world’s production and consumption of raw cocoa is given 
below : — 



World’s Piodiiction. 

' World’s Consuiniifioit 

i 


Mi'tiic tons 

i .Metric toil'.. 

i9or> 

144,442 

! 14:1, .506 

190() 

1 17,468 

156,785 

1907 

150,444 

J 1.56,557 

1908 

19:1,75:1 

10.5,141 

1909 

206,:}:i7 

191,s:i8 

1910 

219,562 

1 201,106 

1911 

244,515 

! 229,988 

1912 

247,000 

; 21 , 5,000 


Import of Cacao Beans during Januarg to August 


Into 

190.5. 

! 

1 906. 

1907 

1 


Kiloi'rains. 

Kilograms 

Kiloj-iams. 

United St.'itos of America 

4:5,174,135 


156,021,100 

Oerinany 

49, 187,870 

51,971,500, 

'.5:5,868,010 

Franco 

' .‘56,89 1,9.50 

37,917,410: 11,81.5,600 

UniOid Kin^'doin 

22,986,462 

2.5,121,048 ; 2:1,473, ‘522 

Jlcluiimi 

1,982,7.82 

2,479,026 

2,08.5,997 

Holland 

26,248,100 

31,707,:500 

•52,841,500 

Spain . . . . 

8,184,200 

8,61.5,800 

9,200,000 


li»n8 j'jo'i. 1910. 


FoiiikIs. I rounds. ' J'ounda. 
97,4 1 9,700 ; 1 2 1 ,:i69,r.r)2 1 1 .">,843,881 
' <89,782,810 90,874,011 

120,82.1,000 ■ 110,019 020 '1:54,516,172 

00. 8:5:5, 4i:S 77,O‘52,20:5 ' 70,060, 300 

1. Vi;5r>,;589 1 i9,o:)8,o7;5 21,784,381 

.55,01:5,819 1 08,75 5, '500, 

1:5,910,872 I 1:5,181, , 509 , 12,163,359 


The beans are chiefly worki'd u[) for the preparation of cacao ; 
hence cacao butter is to some extent a by-jirodiiet of this industry. 

The cacao beans are roasted over coke fires (similarly as coffee is 
roasted), after being cleaned in a suitable manner (in a machine or by 
hand-picking). 

In order to illustrate the changes winch take place in roasting the 
cacao bean, the following table due lo Booth, Cribb and liichards ^ may 
be given here - 



(Jo'iiada llo.'in 
(with Shell). 

Trinidad lle.m 
(kVJtliont Shell). 

Constituents. 




_ — 

— 


Raw. 

Roast. 

Raw. 

Jtoast. 

Moisture 

1 

' 6:12 

.3 10 

6-()7 

4 45 

Fat 

46 56 

40 96 

54 60 

55 70 

Nitrogi'n 

[ 1-96 

1 86 

2 28 

2:12 

Fibre . 

1 60 

:i 90 

2 4.5 

2 48 

Total ash 

1 2 86 

.3 12 

2-87 

27 :} 

Siliceous matter 

i 0 10 

012 

0 0:1 

0-08 

Soluble asli . 

I 1 26 

1 44 

0 94 

0 95 

Alkali, as K X.) . 

1 0 68 

0 75 

042 

04:1 

Cold-water extract 

I i:b50 

] 

12 90 

12-7:i 

12 00 


A}u(h/st, 1909 , 137 . 
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The composition of the cacao hutter is not affected by the roasting. 
This has been specially shown by HeiduscMa and Herb ^ when examin- 
ing cacao fruits which had been preserved in brine. The roasted beans 
are cooled as rapidly as possible, so as to prevent spontaneous heating. 
Next the husks are separated by passing the beans through rollers, when 
the thin shell is cracked without the kernel proper being broken ; the 
lighter shell is then removed by an air blast (“winnowing”). The 
shells are mostly sold under the name of “ shell cacao ” as a cattle 
food. Since the sliells contain from 3 to 6 per cent of fat, this is 
recovered in some works and sold as “ cacao shell butter.” The 
examination of some commercial cocoa-shell butters is given below. 

Welmans^ pointed out that the iodine value and acid value of 
cacao-shell butter are higher than those of the corresponding cacao 
butters. 

The author recently examined two samples of cacao butter with 
the following results 


Free fatty acid.s, per cent 

20 

4-2 

Saponification value 

191-9 

1S8-4 

Iodine value 

40 SB 

40 38 

Unsaponifiable matter, per cent 

1-75 

3 08 


These arc obviously prepared from cacao shell. 

A samjile examined by the author of cacao butter prepared from 
shell of known origin had the following characteristics : — 


Saponification valin' 

188 1 

Iodine value 

41-7 

Unsaponifiable matter, per cent 

2B 

Butyro-refractometer at 40“ C. . 

48 

Tit(U’ le.st of fatty aeid.s, “ C. 

. 48 4 


Procknow^ found the iodine values enumerated in the third column 
of the following table : — 


Origin. 

Kat in tlie Jloasted 
Shells. 

Iodine Value ol 

1 

j 

Per <erit. 

1 

Pei cent. ' 

! An ha . 

4-39 

44- 1 1 

1 Bahia . 

4-44 

46 2 1 

^ ('aracas 

4-33 

4£9 1 

(liiajaipiil 

3-33 

44-0 

'riiome .... 

r)-(;4 

43-2 1 

Trinidad 

2-28 

i 

4.5-15 

The kernels reniraining after winnowing are 

ground under millstones 


and reduced to a paste. ^ The bulk of the fat is then removed by hot 
expression in hydraulic presses. Before the ground material is put 

^ Oentralh., 1908, 375. 

Zeds./. Unlers. d. Nahrgs^ u. Genusm., 1905 (9), 263. 

^ huiug. Dissert., Wurzburg, 1909. 

('p. F, K F. Neiiiuaiiii, Frencli i)ateut 330,616 ; L. Hildeluaiul, (leriiiaii patent 
239,9/1 ; F. Fraiike aud Co., and Mo.st, Englwli patent 5232, 1913. 
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into the presses alkali carbonates are added ; ^ some manufacturers also 
add the carbonates before roastin". * As the alkali will combine with 
any free fatty acids, the manufactured product is practically devoid 
of free fatty acids, and the soaps are likely to ])ass into the expressed 
fat. Hence in the examination of cacao butter tlie presence of ammonia 
may be expected, and the ash should be determined. A. Ikhre ^ gives 
the following analysis of the ash of cacao : — 


CaO . 

• 1012 1 IV)^ . 

17-81 

MgO . . . 

. 10-12 HiO., 

3 07 

Fo,d), 1 Aid), 

4-07 HO,' 

17-03 

KoO 

.30 2.3 j (’O^ 

5 04 

N.ioO . 

. 0 00 i c\ 

. 0 S3 


lOi; 72 


Cocoa prepared from unripe beans has an exceedingly bitter taste. 
Kdssmodel ^ patents a method for separating the unripe beans. Sfruhc ^ 
has shown that the diffenmt methods of treating the cacao mass have 
no influence on the properties of cacao butter. 

It is likely that in (Germany cacao powders containing less than 20 
per cent of cacao butter will have to be declared specially as such. 
In order to press the cacao bean meal so that the cakes contain less 
than 20 pei* cent of cacao butter, it is necessary to subject the mass, 
after the bulk of the fat has been (‘xjiressed at a low jiressure (say 50 
atnios])heres) for some prolonged time to a pressure of at least 200 
atmospheres in the hot jiress. According to experiments by Bohine 
it was not possible to olitain a mass containing less than 20 per ('ent 
of fat, if the pressure was maintained for a period of 40 minutes only, 
the lowest jierceiitage having been 20-()l per cent (calculated to diy 
substanc(‘, 21 jier cent) In order to obtain a mass containing less 
than 20 per emit of fat it is necessary to press at 2(K) atmospheres in 
the hot for about 1-I.> houis, or to use a higher pressure. 

Th(! percentage of fat in the beans has nothing to do with the 
ultimate content of fat m the expressed mass, for if the beans were 
very poor in fat, so much h;ss buttm- would run of! in the preliminary 
expression. In order to jirepare ('ai'ao mass, which only retains 15-lt) 
per cent of fat (calculated t-o dry substance), it is necessary to allow 
a pressure of at least 350 atmospheres or 400 atmospheres for some 
prolonged time.^’ 

A combined hydraulic- and filter-press for the separation of cacao 
butter is patented by M, A. Sniilhd 

The proportion of fat m the beans varies from 50 to 56-5 per cent. 
In determining the fat m tlu^ beans great care must be exercised in 
disintegrating them. It will be found best to extract preliminarily 

' U.sually a 10 per cent .solution of potas.suim oarbouate Is employed. As a rule, 
one litre of this .solution is added to 100 lv^^ of cacao nias.s. Horne manufacturers use a 
litre of animoiiia for the same (piautity of cacao mas.^. 

^ Zeits.f. IhitcrH. d. ^ahnjs- u. (Jenassni.^ 1908, xvi. 421. 

(icrman patent 217,288. 

1 Zi-itschr.f. offrnfL Cheni., 1908, 07. Chem. Zed., 1908, 98, 110. 

** Cp. P. Welmau.s, Phunn. Zed., 1907 (f>2), 891 ; L. Weil, ihtd. p. 913 ; h. Muller,, 
ibid., 1908 (53), 57. ’ l^’j'eneh patent 388,077. 
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the hulk of the fat from the finely-divided mass, then to dry, grind 
up with sand, and exhaust completely. 

According to Davies and M'Lellan,^ the roasted cacao beans are 
best extracted with petroleum ether of boiling point 40° C. to 50° C. 
Common ether extracts 0-2-0'5 per cent more than petroleum ether, ^ 
theobromine and some colouring matter being dissolved by the common 
etlier. The following percentages of fat were ascertained in roasted 
nibs by Davies and M'Lellan : — 


Country. 

Ecuador, Arriba .... 

„ other varieties 
Venezuela, East of Caracas ‘ . 

„ West of Caracas 
Dutch Guiana, Surinam 
Brazil, Para ..... 
„ Bahia . 

Africa, West Coast .... 
West Indies, Trinidad 
„ Grenada 

„ Dominica 

„ Santo Domingo, “ Samana ’’ 

Jamaica . . . . . 

Ceylon ..... 


t'at. 

Per cent. 
54 - 0 () 
52-87 
61-83 
63-05 
66-37 
54-98 
54-33 
54-18 

54 - 67 

65 - 30 

66 - 03 

55 - 38 
66-67 
63-36 


These results may be supplemented by some later analyses published 
by Gening who used petroleum ether for extraction. 


Origin. 


Water 

Fat. 

Fat calcnl.ited to Dry 
Substanco, 


— 

I’ci cent. 

Per cent. 

I’oi cent. 

Bahia 


2 00 

543)0 

55 71 

Para 1. . 


2 70 

55-50 

57-04 

I’ara II. . 


1-80 

56 90 

57 ‘94 

Caracas I. . 


2 52 

52 80 

54-16 

Caracas II. 


2-10 

54-70 

55-87 

Carupano I. 


2 50 

53 60 

54-97 

Caru})ano 11. 


2T5 

51-13 

65-32 

Trinidad I. 


2-84 

53-70 

55-27 

Trinidad 11. 


2 91 

51-70 

63-26 

Sanchez I, 


! 3-40 

53-27 

55-14 

Sanchez II 


2T2 

52-50 

53-63 

MartinKjue T 


i 2*10 

54-70 

56-04 

Maitiniqiie 11. . 


! 2 71 

53-20 

- 54-69 

Guadc]()Uj»e 


2 2 1 

51 -40 

65-64 

Santa faicia I . 


2*08 

56-10 

57 29 

Santa Lucia II. 


2 53 

51-80 

56-22 

Santa Lucia 111. 


2 81 

,53-40 

1 54-94 

Grenada 1. 


3-10 

51-20 

55-93 

Gieiiada 11. 


3-05 

54-00 

55 69 

Accra (Afiica) I 


2 51 

54 90 

56 33 

Accra (A(^ica) 11 


1-96 

53-80 

54-87 

Congo 


2-51 

54 90 

66-31 


1 Jouui. Soc. Chem. Ind., 1904, 480, 

Nevertliele.ss the German official method directs the use of ether ; see Piockuow, 
Arch, rhann.y 1910 (248), 81 

’* Jin\ yener. chim, pvre cl appluj., 1907 (x.), 303. 
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As the shells contain a notable amount of theobromine — as a rule 
0-75 per cent — the recovery of the latter has become a remunerative 
operation. The removal of the fat being necessary before the theo- 
bromine can be recovered, the husks are extracted with petroleum 
ether and other solvents from which the dissolved fat is recovered. 
This extracted cacao butter is, of course, unfit for consumption ; never- 
theless attempts are being made to sell such cacao butter to cliocolate 
manufacturers. The shells freed from fat and theobromine are also 
offered as cattle food, and on account of their liigli niiti'itive value they 
find an outlet on the Continent, especially where exti-acted palm kernel 
cakes are not objected to (cp. p. 618). The proper use of the extracted 
cacao shells, however, appears to be as fertiliser, for wliicli it is especi- 
ally suitable on account of its comparative high proportion of nitrogen 
and potassium. 

The cacao beans destined for the manufacture of best chocolate 
are roasted and freed from shells, as described above, but aic not 
expressed, so that the full amount of fat remains in the ground mass. 
For the detection of cacao shell in the ground mass by means of its 
specific gravity the original papers must be consulted.^ Tins is then 
mixed witli sugar and arrowroot, and in the case of milk chocolate 
with cow’s milk.^ Some chocolate manufacturers, however, express 
part of the caiaio butter and siill it as such, substituting the amount 
expressed from the cacao mass by “ chocolate fats ” (see Vol. 111. 
Chap. XV.). 

Cacao butter has a yellowish-white colour, turning white on keep- 
ing. It possesses an agreeable taste and pleasant odour like chocolate. 
At the ordinary temperature it is somewhat brittle. 

Amongst the solid cacao butter fatty acids, stearic, palmitic, and 
arachidic acids have been detected, but the occurriuice of lauric acid 
is doubtful (cp. Tranh^). Ileidiischl'a and llerh'^ could not defect 
caprylic acid. Theobromic acid, stated by Kinfjzelt/^ to 

be present in the fat, is, according to Graf,^ most likely arachidic acid. 
Stearic acid, first found in cacao butter by Stenhouse,'^ occurs to an 
extent of 39 {Lewkountsrh^), to 10 per cent {Hehner and MUcMP). 
Farndeiner obtained by the banum-salt-benzene method 59-7 per 
cent of solid acids, 31’2 per cent of oleic acid, and 6-3 per cent of other 
liipiid acids. Linolic acid has been shown to occur ffi cacao butter 
by Benedikt and Hazuray^ The statement that cacao butter contains 
formic, acetic, and butyric acids (which was supported by a high 
Reichert value recorded in the oldei’ literature) has been shown by the 
author to be erroneous. 

Cacao butter appears to contain considerable amounts of mixed 

1 Dubois and Lott, Journ, I ml. and A’/iy. (Vieiti., 1911, 2.51 ; Dllricli, Arrli. d, 
7 Vm/., 1911, .524. 

- Achor, Frorich patent 419,832. ■' Warner Ja hi eskric/d, 1883, 1159. 

4 dim Zentmlhi, 1908, n. 90. 

.hnirn. diem. »SV. , 1878, 38. Arch. d. Phaini., 1888, 830. 

'' Lichig’s Annul., 1840 (36), 56. 

” Unj)ul>lislie(i observations. ** .\nahjsf, 1896, 328. 

Monatsh.f. diem., 1889, 353. 
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glycerides. Fritzweiler^ isolated from cacao butter about 6 per cent 
of oleodistearin. Klitnont stated tliat he had isolated from cacao 
butter oleopalmitostearin and oleodipalmitin, but this appeared open 
to doubt, as his ‘‘ oleopalmitostearin ” had the low melting point of 

C. (against Hansen’s 12 ° C.). The renewed examination of 
cacao butter by Klimonl “ himself led him to witlidraw his statement 
with regard to oleopalmitostearin, and he now states tliat cacao butter 
contains oleodisti'arin (found before him by Fritzweiler), as also oleo- 
dipalmitin (see Vol. I. Chap. L). On allowing large quantities of 
‘\Samana ” butter to cool slowly Strube^ obtained a liipiid portion, 
whicli ditlers from ordinary cacao butter in that it does not solidify 
readily. This lirpiid butter has the following characteristics ; -Siiecific 
gravity at 17 5° C., 0 906 ; melting point about 12 ° C. ; iodine value, 
53-6-58-8 ; butyro-refractometer at 40° C., 50-45 ‘‘ degrees.” 

Slruhc ^ observed also a separation of a liquid portion from “ Thome ” 
cacao butter. In this case, however, the lupiid portion differed very 
little from normal cacao butter in its characteristics, only the acid 
value was found somewhat higher, viz. 7-7. 

Rbhrig ^ found for the Injiiid portion an lodme value of 50- G and 
the butyro-refractometer reading of 51-8. 

Matthes and Rohdich ® examined the unsaponifiabh'. matter of cacao 
buttin. They obtained from 13 kilogrms. of fat 28 gnus, of crude 
unsaponifiable matter, which yielded 22 gnus, of “ crude, phytostorol,” 
and 6 gnus, of an ethereal, oxygen-containing oil, smelling of hyacinths. 
The refractive index of this oil at 40° 0. was 1-492, the iodine value 
68-58, and the’optical rotation H- 0-37° m 10 per cent Ixmzene solution 
(the length of the tube is not stated). 

The crude phytosterol consistixl of a hydrocarbon of the com- 
position C 3 QII 48 (most likely identical with amynhme), stigmasterol 
(identified by the tetrabromo-diu'ivativc of its acetate), and (])liyto- 
steiol or) sitosterol (identified by the melting points of its aciitate, 
viz. 130° C., and of the dibromo-derivative of its acetate, viz. 135° C.). 
In a later communication ^ Matthes and Rohdich state that the two 
alcohols obtained from the tetrabromo- and the dibromo- derivatives 
melted respectively at 162-163° C. and at 139° C. " 

In an investigation of the aromatic principle of the cacao bean 
Bainht'idge amf Danes ^ obtained 24 c.c. of an ethereal oil from 2000 kgs. 
of cacao mbs by distillation m a current of steam. In this they de- 
tected l)-linalool. 

L. Reutter ^ ((xtracted the beans previously freed from volatile oils 
by steaming at 110 ° C. with hot dilute methyl-alcohol, the highly 
coloured alcoholic extract deposits microscopic crystals of cacaorine 
to which he ascribes the formula melting point 181-185° 0 . 

^ A rheit. it. <t. kaisert Heaurutheitsaniti’, 1902 , 371 . 

^ Motudsh.f, Chem., 190 .^), 7 ) 63 . 

Zi'ilsrhr. /’. (ipiill ('hem,., 1905 , 215 . 

<■' Pharm. Zenlialhalle, 1910 , 2 . 

« Perirhii’, 1908 , 19 . 

^ Proc. (Jhevi. Sot., 1912 , 253 . 

('ompl. raid., 1913 , 1842 . 


^ /hid., 1908 , 67 . 

7 /bid., 1908 , 1592 . 
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In the pharmaceutical literature tlie statement was frequently 
made, and is still being copied into text-books, that cacao butter does 
not turn rancid. Dieterich contradicted tins statement some years 
ago ; the author then showed by an extended series of observations ^ 
that cacao butter does turn rancid like any other fat under conditions 
favouring hydrolysis and subsequent ranculitv. The autlior jiroved 
this in a somewhat exaggerated manmu' by exposing fresh cacao butlers 
to the atmosphere in sunlight, when rancidity set in within a few 
(three to four) days. But it is a matter of common experience that 
cacao butter exposed to light and air at the ordinary tmrqieraturi' 
will become rancid in the course of a month or two. It must be left 
undecided whether the older erroneous statements, based on some- 
what limited experience, arc due to the fact tliat cacao butter, owing 
to its high price, is kept in a more careful manner than ordinary fats, 
or whether the keeping properties are due to the aromatic substance 
in cacao butter, which retards the setting in of hydrolysis (much as 
lard is preserved by ‘‘ benzoating,'’ 1 1 \ by suspending powdered beii/oin 
in the melted fat and allowing it to remain therein for some time). 

The statement that rancid cacao butter is obtained from mouldy 
beans is erroneous. Most shqunents of cacao beans become mouldy 
in transit, but since the bi'ans, in the lirst stage of manufacture, are 
roasted at a tenqierature from 150" to 1 10' (h, the mould is destroyed, 
so that cacao butter prepared from tlu'se beans need not of nei'cssity 
be rancid. * 

The acid value of commercial sanqiles of cacao butter was found 
by Dlelerich to be from 1 to 2-5. fAnrkowihch found in a large numb(u‘ 
of genuine fresh (*acao butters acid values varying from M to Mb. 
A samjile that had been kept ten years in a sealed bottle had the acid 
value h(). 

On account of its high jirici' cacao butter is frequently adulterated 
and also wliolly substituted by chocolate fats (.see (hap. XV.). The 
latter consist chiefly of the stearine ’ of cocoa nut and jialm nut/ oils. 
They are readily differentiated from cacao butter by their hvivhvd- 
values, and esjiecially by their low iodine values. 

* lA'WkoWlt.Scll, hill , 1 S99, .^>5? 


I Table 
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Less decisive are the indications furnished by the melting point 
of the fat itself ; in this connection it should be noted that tlie freshly 
melted cacao butter shows a considerably lower melting point than 
tlie normal one, and only regains its normal (higher) melting point 
when the sample has been kept for several days (in a desiccator). 
When determining the melting point it is best to proceed as described 
in Chapter V.^ 

For the detection of “ chocolate fats ” ^ (sold under various fancy 
names, sec Cliap. XV,), in genuine cacao butter, the determiii^ion of 
the saponification value and of the iodine value will as a rule suffice. 
These substitutes considerably raise the saponification value, whilst 
tliey lower the iodine value. The “ titer ” test of the fatty acids is 
also considerably depressed by them. The determination of stearic 
acid may be carried out as a confirmatory test. It is then hardly 
necessary to determine the Reicheti-Mcissl value. Therefore, the 
pro])osal made by to ascertain the jiresencc of cocoa nut 

oil in cacao butter in the same manner as is done in butter fat (sec 
“ Butter Fat ”) would appear to be an unnecessary process. 

The presence of vegetable oils, such as almond oil, aracfiis oil, sesajne 
oil, hazd nut oil, would be readily recognised, in the first instance, by 
an increase in the iodine value, and by the lowering of the solidifying 
and melting points of the insoluble fatty acids. 

j3ees’ wax and jiarallin wax (stated to have been employed as 
adulterants) will hardly be added now, as they are too easily detected 
(by a low saponification value and a considerable amount of unsaponi- 
fiablc matt(‘i'). 'Fhe presence of bees' wax would also be indicated 
by a high acid value of the sam])lc. Cacao butters of comjiaratively 
jiigh acid values owe their acidity (m the absence of adulterants) 
either to rancidity (asceitainable by the taste), or to admixture with 
fat which has been extracted from cacao bean shells. Veiy likely 
the cacao butters in which Fdsinycr found as much as 28 per cent of 
free fatty acids had such an origin. 

The most difficult problem was, until recently, to detect adultera- 
tion with tallow. Hager's aniline test, recommeiKhid for that purpose, 
has been found useless by the author ; its description is therefore 
omitted here.'^ 

Bjorldund's ether test may be recommended as a preliniinai’y test. 
It IS carried out as follows^; — Place about 3 grins, of the sample m 
a test-tube, add twice the weight of ether, at the temperature of 18° 
C., close the test-tube with a cork, and effect solution, if possible, by 
shaking. The fat should dissolve to a clear solution. Then immerse 
the tube in water at 0° 0., and note the number of minutes which the 
liquid requires to become milky, or to deposit white flocks, and observe 
the temperature at which the solution becomes again clear when re- 

' Cp. also Welnians, “ Ueber Olouiii Cacao,” Pharvi. Zed., 1900, 99. 

- Giiiiiiiic, Vhem. Revvc, 1914, 47. 

lidldm de r As!>()cudit)n litige den Chimisfes, 1901, vol, xv. No. 3, March. 

^ See 2u<l edition ol'this woik, p. 529. 

Zeds, f. unidyt. Vhem. , 3, 233. 
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moved from the water. The following table gives Bjorkhind's observa- 
tions made on pure cacao butter and on samples mixed with tallow : - 



Turhiditv a1 m (’ 
alter Minutes 

! ( leai Seltiiion 

at ’(’ 

Pure cacao butter . 

10-15 

19-20 

Cacao butter 15 per cent of heel tallow- . 

8 

22 

Cacao butter -f 10 per cent of beef tallow . 

7 

25 


The author^ found, however, that cacao butters containing as 
much as 10 per cent of tallow w'lll dissolve in two parts of ether at 
18° C., althougli re(|Uiring a little longer tune t han genuine cacao butter 
does. The chief indication to be lelied ii])on is not, therefore, tJie 
number of minutes reipiired for (‘rystalhsation- as the time will vaiy 
for different samples-— but the (iharacteiistic way in which gimuine 
cacao butter crystallises as compared with adulterated sanijiles. In 
the former case tufts of distinct crystals ap])ear at the bottom and 
the sides of the containing vessel, whereas live or more per cent of 
tallow are recognised by docks sejiaratmg from the cooled solid ion. “ 

The modification of Bjorkluiurs test recommended by Filsiiujcr, 
viz. to dissolve two grins, of the sanpile in 0 c.c. of a mixture of 1 
parts of (dlier and 1 i>art of alcohol, is .scarcely an improvement, and 
cannot therefore be recommembal. 

A reliable method to detect the presence of tallow is aifoided by 
the isolation of cholesterol from the unsaponi liable matter by nu'ans 
of its dibromide, and further by the phytosteryl acetatii ticst. The 
microscopic e.xamination for the presence of cholesterol crystals will 
not furnish decisive inlormation {Lcivkowit.sch).^ Nor can a icliable 
deduction be drawn from the melting ])oint of the isolated alcohol. 
Procknow^ found the melting point of the alcohols isolated from 
genuiiio cacao butter 138-7° C. and 138-()° 0. resjiectively, which after 
recrystallisation gave in the first fractions 148-2 and 1 18-1 lesjiectively. 

The statement by Nuc/cv that Horneo tallow is used as an adulterant 
of cacao butter requires confirmation. 

Cacao butter is a by-prod uch in the manufacturi! ot cocoa, and is 
therefore obtainable in largi^ ((uantities. It is u.sed m the manu- 
tacture of chocolates,^ in confectionery, in pharmacy (nitro-glycerine 
tablets), and in the preparation of perfumes. 

‘ Lewkowit.scli, Jduni. Soc. Chem. J89‘J, .^>57. 

L’owie ami BramRr, ('he mid and Dnujijist, 1909, 227. 

Lcwkowitscli, Joani. See. Chem. Inil., 1899, 557. 

Immg. Dissert , Wiu/,bmf<, 1909. 

^ C/iem. Jicrue, 1907, 279. 

The introduction of additional cacao butter (wliu-li is largely practised in the 
nianufacturo of “londants”) over and above the natural proportion in the beans peimits 
the incorporation of a larger amount of starch than can be added to the genuine cacao 
mass in tlie manufacture ot cliocolate. 



592 


GLYCERIDES— VEGETABLE FATS 


CHAP. 


CHINESE VEGETABLE TALLOW 

¥mic\i—Suif vegetal de Chine. German — Chincsischer Takj ; 

Stilling iatalg \ Vegelahilischer Talg. Italian — Sega di Stillingia. 

For tables of characteristics see pp. 594-596. 

Vegetable tallow is the hard fat which coats the seeds of the Chinese 
tallow tree, Stillingia sebifera, Willd. {Stillingia sinensis, Croton sehi- 
ferum, Sapiuni sebijerum, Roxb., Exeararia sebifera, F. Mull., Carum- 
bium sehiferum)} Tlie tree grows wild in China.^ Since it has been 
cultivated there it has been introduced into Indo-China and the north 
of India, where it grows luxuriantly, as also in the United Provinces of 
the Panjaub (Punjaub).^ The tree has also been introduced into 
South Carolina. In China the stillingia tree is regularly exploited for 
both its leaves and seeds; the fat, however, i-epiesents a secondary 
product only. In Tonkin the tree is only cultivated for the sake of 
its leaves, a decoction of which furnishes a colouring matter used for 
dyeing silk. 

The tree commences to produce at the age of foui’ to five years, 
and when it has reached its full development it yii'kls about 25-30 
kilos, of seed a year. 100 kilos, of the fruit yield about 30 kilos, of 
moii-ma (i e. vegetable tallow + stillingia oil), or 15 kilos, of pi-yu 
{i.e. vegetable tallow), and 15 kilos, of fse-tieou or ting-yn (i.e stillingia 
oil). 

The fruit contains three oval seeds surrounded by a thick tallow- 
like mass. The seeds themselves contain a brownish-yellow oil, which 
has been described already (p. 89) under the name of stillingia oil. 
Tortelli and Ruggeri, wlio prepared the solid fat and the oil from the 
seeds separately, obtained 22 per cent of vegetable tallow and 19-2 
per cent of stillingia oil. According to Lemarie (Director of Agri- 
culture, Annani), the seeds of Sapium sehiferum, known locally as 
“ edy-soi,^^ yield 69 per cent of shells and 31 per cent of kernels. The 
shells are coated with 29*5 per cent of a white, solia fat, and the kernels 
contain 59-5 per cent of oil. Schindler and Waschata ^ found 36’4 per 
cent of vegetable tallow on the entire seed. 

According to the process of manufacture employed, three products 
are obtained. One process has for its object the separate production 
of vegetable tallow and of stillingia oil. The seeds are either placed 
in perforated cylinders and steamed, so that the fat melts and runs 
off, or they are passed between fluted rollers which scrape off the outer 
fat-coating without breaking the seed proper, when the scraped-off 
mass is pressed in the hot in primitive wedge-presses. This product 

^ Bull. Imp. Jiid., 1903, 209 ; “Le.s Arbres .i siiif de lTii(lo-Chii)e,” Bull, konoin., 
1902, Hanoi. 

It is known by the name Mii-tse-shou. 

^ Cp. D. Hooper, Ayncnlt. ImUjct, 1904, No. 2. 

^ Zeitschr.f. das landw. Versuchsst. in Osterr., 1904, 643. 
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is sold under the Chinese name pi-ieoii,"' or pi-yu,'' and is known 
to tlie European candle-makers as “ prima ” vegetable tallow. The 
seeds are tlien i-emoved and crushed separately for the I'ecovery of 
the stillin<^na oil, tse-tieou'' or ''ting-yu'" (see ]). 89). 

In the second process the seeds, together with their coating of 
fat, arc crushed, and a mixture of vegetable tallow and stillingia oil 
is thus obtained. The product from the. latter process js naturally 
much softer tlian the true vegetable tallow ; it has a lower melting 
point, and also a much higher iodine value. This second (piality is 
sold under the name ‘‘ moihieou,'' known to the Europi'an candle- 
makers as seiainda ” vegiTable tallow, and represents a mixture of 
“ pi-yu ” and “ tiHg-yii,'’ 

Samples of vegetable tallow which have been prejiarcd in the 
laboratory fiy mxtraiding the ciusIhmI fruit with solvents, contain 
therefore stillingia od, and such numbers as were given by J)e Negri 
and Fabres for vi^gi'tabh; tallow extracted bv them from the seeds by 
means of ethm' and carbon bisulphide do not hold good for true vege- 
table tallow, llencii numbers referimg to a mixture of vegetabh; 
tallow and stillingia oil have been omitted from the tables. Nor have 
numbers obsm ved for commercial lats, wdiich undoubtedly represent 
a mixture of the two kinds of jiroducts, been recorded here. 

Crushed vegid-aJile tallow, if free from stillingia oil, leaves no grease- 
spot on ])a])er. The sam])les examined m the author’s laboratory 
had acid values varying from 7-07 to 7-51. I)e Negii and Fahiis found 
2-4 ; J)e Neqri and Fbarlafi} 2-2 ; KInnonf, 11-2 ; Zag and Miisciacco, 
22-5. 

Accoixlmg to Ma:d>'(dyni\ V('geta,ble tallow consists of palmitin and 
olein. A conhirnation of this statimient mav be fouml in tlie fact 
that Ilehncr and Mitchell''^ obtained no steam* acid crystals from a 
specimen absorbing 22*87 [x'r Vent of iodine. This is further con- 
firmed by who found in a commercial sample (of the iodine 

value 27*()) palmitic and oh'ie acids only. 

On repeatedly crystallising vegetable tallow from acetone (Kliwont),^ 
oleodipalmitin was obtained. In Klimonds ojnnion, vegetable tallow 
consists chiefly of oleodipalmitin, with smaller (piantities of tripalmitin. 

Zaif and Mu.'ictacco stat.e that the mean molecular ^eight of the 
insoluble fatty acids is 231*1, and that they isolated volatile fatty 
acids of tlie molecular weight 132*8. The low molecular weight of 
the insoluble fatty acids would point to the jirosence of lauric acid. 
The number 231*4 stands m need of confirmation. On a large scale 
the fat yields 8-9 per cent of glycerine. 

^ Jdh/ii, Soc. Vhem. hni., 1897 , 839 . 

' Analyst, 1896, 3;i8. Monatsli./. Chevx.y 1903, 408. 
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The production of vegetable tallow in China is vtuy large, and 
has been practised there for many centuries. The fat is used exten- 
sively for the manufacture of candles. Hankow is the central market 
whence tlie bulk of Chinese tallow is shipped. Before the material 
reaches Hankow it undergoes at Tchang-te-fou the first mani])ulation, 
consisting in the mixing of the niou-ieou with the jn-yn. Thus the 
intermediate ([uality is obtained, known as “ secunda vegetable tallow/’ 
whilst the pure pi-imu is termed “ prima quality.” At Hankow it 
undergoes the final purification, being remeltcd and fieed from fraud- 
ulently added foreign substances. It is then cast into blocks, in which 
form the fat is receiviMl in Hiirope. The first considerable ([uantifies 
came into the Huro])ean market in 1891. The chief countries whi(9i 
import vegetable tallow are Ifaly, the Ciiited Kingdom, and h ranee. 
Small quantities only are bought by the United States. Only the two 
(jualities iiiou-ieoii and are exported. 

In 1907 about 1000 tons had been imported by this country ; the 
order of consuming countri(‘s is now arranged in order of quantities : 
United Kingdom, 1000 tons, France, 2500 ions; Italy, 1700 lons.^ 
In 1909 and 1910 the total ('X])orts from Hankow were 9029 and 9182 
tons respectively, and in 191 1 and 1912 the total exports were 477G tons 
and 10,735 tons respectively. 


KOKUM mriTER, OOA BUTTER, MANdOSTEEN OIU 

Fimch -Beiare (k kohim. ikvmiin—Kohmhi(l(cr. 
Italian — Sryo di hokum. 


For tables of characteristics see p. 599. 

This fat is obtained in the Fast Indies from the, seeds of the 
Guttifera, Garcinia mlka, Choisy, Garcinia purpurea, Roxb. {Mango- 
8tam indica, L., Bnndonia indica, Du Pet.). The seeds contain 20-25 
per cent of fat. 

The fat is prepared in India-espccially on the West Coast, between 
Daman and Goa— in a primitive fashion, by drying the seeds in the 
sun and boiling them out with water. The fat is then skimmed off, 
filtered in a crude fashion, and cast into round cakes weighing about 
100 grins, each, in which form it is sold in the Indian bazaais. 

Kokum butter is a white or light grey fat, having a slight, not dis- 
agreeable odour, and a mild oily taste. • • ^ 

The acid constituents of kokum butter are oleic and stearic acids, 


’ Joimi. Soc. Oiem. Ind., 1909 , 209 . 
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with small quantities of (probably) lauric acid. According to Heise ^ 
(confirmed by D. Hooper ^), this fat (like Mk^nyi fat) consists chiefly of 
olcodistearin. The specimen examined by Heise contained 10-5 per 
cent of free fatty acids, and that tested by Crossley and Le Sueur ^ 7T 
per cent, calculated as oleic acid. 

Kokum butter is chiefly used as an edible fat, and is stated to be 
employed for the adulteration of “ Indian butter.” It is also used in 
pharmacy for ointments, etc. The kokum butter which is unfit for 
edible purposes is worked up for soap. 


Other species of Garcinia (cp. “ Gamboge Butter,” p. 551 ) yield 
similar fats, which have not been examined fully, such as— 

(1) The fat from Garcinia picforia, Roxb. This fat is chiefly 
obtained in the western district of Mysore, where it is used as an edible 
fat by the poorer classes. The hulk of the fat which has become rancid, 
being unfit for consumption, is used as a burning oil. 

(2) The fat from Garcniia ^oiikinensis, Vesqu. {Garcinia JManste, 
Pierre ; IL Baillon), the Cay gioc or Cay doc of the Annamites. 
Garcinia Mangostana occurs widely in Cochin China, Annain, Re- 
union, French Cuiana, where the fruits are used for edible purposes. 
The seeds are from 2 to 3 cm. long and 1-5 cm. wide. The weight of the 
seed is 2 to 3 grins., and it consists of d-8 per cent shell and 9r)'2 per cent 
kernels. The kernels contain f)3-l per cent of oil ; the yield from the 
whole seed being ()l-8. By extraction with ether a dark brown oil 
was obtained, which had the following characteristics (Grimme 


Oil— 


(Specific gravity at 

0 0127 

Solidifying ])oint, ° C. 

3'2 

Melting point, , 

SO 

Sapoiiificai-ion value 

. i7(;-3 

Iodine value 

. 8(j-2 

Acid value . 

lO-O 

Refractive index at 40° C. 

14682 


Fatty Azi(l‘i-~ 


JuHolublo acids + unsaponiliable, per cent 

. o:mh 

Unsapomfiablc, per cent . 

423 

Holidifying point, ° C. . 

. 30-3 

Melting point, “ C. . 

. 32'r> 

Neutralisation value 

. 16L8 

Iodine value 

. 89-1 

Refractive index at 60° (!. 

14564 

Mean molecular weight 

. 3414 


^ Arheiii’na. ti kaiserl. (h’sumlhcitsanitf, 189tj, 18, 302. 

" Jonrn. and forced, nfihe Asialx' Sac. of Bengal, 1907, iii. 257-2.^9. 
^ Jouin. BdC. Che III, Ind., 1898, 991. 

^ Heckel, Les Mahhea grasses, ioOO, 1623, 1923. 

^ Chem. Revue, 1910, 264. 
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It is stated to contain 4-6 per cent of an ethereal oil, and nearly 
6 per cent of resinous substances^ (these numbers require confirmation). 
Bonioux states that two different resins are contained in tliese fats, 
one consisting of hydrocarbons, and resembling caoutchouc, and the 
other a saponifiable resin. The fat is used as a burning and a lubri- 
cating oil. If more care were taken in the preparation of tliis oil the 
amount of unsaponi liable matter might perhaps be reduced, and it 
would then be suitable for soap-making. 

(3) Gaicinia echnocarpa, locally known in India as “ madol oil.” ^ 
The seeds yield a thick od, which is used as a burning oil, and also 
for medicinal purposes (as a vermifuge). 


nORNKO TALLOW ^ TANOKAWANO FAT 

IG'cnch -Suif cegelale dc Bonieo (lerman- Boriieolalg. Teiikdivaiigfed. 

Italian — Sego di Borneo. 

Borneo tallow is obtained from tlu! kernels of a large variety of 
})lants belonging to the; family of Dipterocarpus, as Bhorea s(enop(era, 
Biirck., Sliorea aptera, Bui'ck,, Ilopea asjiera, de Vriese, Pentanne 
siamnsis, Kui'z, Bhorea cowpressa, S. falciferjp S. gijsheif}ana, 8. 
niarfinjami, etc., indigenous to the Bunda Islands and Indo-Chma.^ 
The native name of Borneo tallow is Minjak Tangkawang (Tangkawang 
Fat). The ‘‘ mmjak tangkawang ” represents a mixture of at least 
SIX fats, obtained from six varieties of trees, known to 1he natives as 
Tangkawang taoigka'l, T. ra)id>ei, T. lagar (these treiis have a diaimder 
of more than 3 ft.), T. goenljang (growing in swampy legions and reach- 
ing a height of 22 ft., whilst the diameter of the trunk rarely exceeds 
6 inches), T. madjan, T. lerindak. The last two tives bear smaller 
fruits, which yield a fat containing about 3 per cent of unsapomfiable 
matter, which is apparently a natural resin, inasmuch as it imparts 
to the fat a viscous character. The first four tr^'cs grow wild on the 
west coast of Borneo, excepting on the stri])s of land bordering the 
Kapoea river. The “ tangkawang trees ” are also cultivated by the 
natives (chiefly in the districts of Sanggan and Bekadan). T1 k“ trees 
flower in September and October, and the fruits ripen in February and 
March.^ 

The fat is prepared by the Annamites, according to Lonarie, in 
the following manner The hard fruits are left for some time in a 
damp place until the shells break and the seeds begin to germinate. 
They are then dried in the sun, and the kernels are separated from 

^ Itciiii, MoHid’ifr dll (Jomiii.y 1901, August; Bid/, eroinm. de V IndoW/hine. 
Nnuvelle srric, No fil. ^ 

“ Bull. Imp. lud., 1901, Juiip. 

^ Geitel, Journ. Hoc. Chem Bid., 1S88, 391. 

* Pierre, Flare J’orestierc de In Coelnnehine, 1902. 

® 0. Sachs, Chem. lUvue, 1907, 278. 
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the pericarp and placed in baskets of bamboo eam^s, which are sus- 
pended over pots of boiling water. When the kernels have become 
soft and pasty, they are placed in bags and jiiessed. The fat thus 
obtained is moulded in the internodes of bamboo stems ; hence the 
commercial samples have a cylindrical shape 

In Borneo the fat is obtained either by a “wet process" or by 
a “dry process.”^ The wet ])rocess consists in placing the fruits in 
baskets, whicli are then comjilelely immersed m water, cai(‘ being 
taken that the fruits cannot float to the surface, this being done to 
prevent germination. The imimirsion in waiter appears to be a jiroci'ss 
of preservation, the natives believing that in conseijiiencc of this 
process t he fruits are not so easily attacked by the " boebuk worm. 
After thirty to forty days the fruits are taken out of tin*, water and 
the shells are removed. The kernels, which generally s])lit ii}) into 
four parts, are spread on boards and exposed to the sun to dry. lii 
Older to pievcnt absorption of moisture the fruits are either coviued 
during the night or taken into tents. The dry kernels are termed 
“ paddi-tangkaw'ang.” 

The “paddi” obtained by a dry piocess, su(*h as described, ]). GOO 
(a process wliich is also in vogue in some districts of Borneo, c.i/. Landak), 
is stated by tlie natives to furnish an inferior kind of product The 
following are the essential featiiri's of a third process (practised in 
Sanggaii) Immediati^ly after collecting the fruit the kiunels are 
cut into discs, dried by exposure to the sun, and piesscd as desi'rilxnl 
above. This jirocess yields the so -calk'd “ tangkawang sicntie. 
This latter (piality is considered the best, and is used exclusively for 
edible purjioscs by the natives. Jt is im])ossibl(^ to give the percentage 
yield of fat from the fruits , it can only be stated that those from KSftorca 
denopera yield about 50 p(‘r cent of iat. 

Jn view of the great comnu'icial inpiortance Borneo tallow may 
acipiire, fuither investigation is di^sirable. In commerce varieiii'S of 
Jhirnco tallow are known under the names Pontianak, Sarawak, 
and “ Siak ” tallow. Tlu' “ Pontianak and " Sarawak ” are obtained 
from the first four kinds of tangkawaing mentioned above, and are 
notable for their hardness. Of the two kinds, Pontianak is the 
more valued. The “ Siak ” tallow is much setter amUience the less 
valued. 

It should be jiointed out that considerable confusion obtains in 
commerce with regard to the correct names of the “ Pontianak,’’ 
“ Sarawak,” and “ Siak ” fruits, which arc imported and sold as “ Illipe 
nuts ” from Sarawak and Pont ianak (“ grossi's graines de Pontianak 
et Sarawak ”) and from Siak (“ petites graines do Siak ”). The former 
ai’e the fruits of Shorea stempera and the latter the fruits from a 
Palaquiuni species {})H'ho])si,s). 

The characteristics of the fat from “ drosses graines de Pontiac ” 
(undoubtedly a variety of Shoiea, probably t^horea denoptera) are 
given by Bontoux as follows : — 


1 0. Sadis, Ohem. Revue, 1907, 278. 
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Solidifying point, ® C. 



20 


Melting point, ° C. 



.36-5 


Saponification value . 



103-7 


Iodine value 



28 8-31-2 


U nna pon i fi able mat ter 



08 


'I'lter test of fatty acids, 

O 


52 


Melting {loint . 



54 



These seeds known as “ Variete rouge ” contain 48-50 p(n’ cent of 
fat. For the “ Variete noire,” which contains 68-69 per (;ent of fat, 
Bontoiix found the saponification value 201-7 and the iodine value 
34- 1-37-4. 

In tlie following table I give soitkj characteristics of the fat from 
Shored aptcra, Tcglam fat, and of samples of unknown origin : - 


Table 
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L' lis.'iponitiable matter, O’o per cent. 
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Enkahaiii^ fat obtained from tlie fruit of Skorea gyshertiam, a large 
tree growing freely in Sarawak, is prepared by the natives by the dry 
process, cp. p. 600. Tlie fruit contains 31-2 per cent of fat and the air- 
dried kei’uel 46-7 per cent. Brooks ^ examined a fat of native manu- 
facture and also one extracted with carbon bisulphide. The figures 
are given in the following table. The fat is used as a food by the Dyaks, 



Native Kat. 

ExtiarO'd witli 
(!arboii 



lUsiilpliide. 

- 

Oil— 



Specific gravity at 100" ('. (water at ir» 5 1) 

0 854 

0 850 

iMclting [loint, "" (J. . , . 

.‘{4 48 

88-87 

Saporiitication valiu' 

100 2 

100 8 

Iodine value 

80 

30 

Butyro-refractoiuetei at 40' “degrees" 

45 

It) 1 

1 

Fatty Acids— 



lnsolul)lt‘ acid.s-j- iins.iponilialdi', percent . 

' 

!H)-I j 

1 Unsaponitiabh' niattiT .... j 


0 8 { 

1 Solidifying point 


58 i 

Midting point i 


55 5 

j Iodine value . ' 


81 i 

Mean nioleciilai vvi'ight . i 


282 1 


Borneo tallow has a light green colour, changing to yellow, and 
after prolonged exposure to the air, to white. At the ordinary tem- 
perature it resembles cacao butter in consistimce, as also in taste. Jt 
has a crystalline, granular structure, and is covered with fine white 
needles of steam? acid, the (|uantity of wdiich amounted, in the case 
of the specimen examined by Geilel, to b-b-lO per cent. This speenmin 
commenced to melt at 35-36'^ G., and Inpiefied completely at 12'^ G. 
Tfie solidifying point of the insoluble fatty acids was 53'5-54° G. ; th(?y 
consisted of 00 ])er cent of stearic and 31 per cent of oleic acids. The 
somewhat low solidifying point of the mixed fatty acids would seem 
to indicate the presence of palmitic acid. Tlie probable iodine value 
of the fat, calculated from the last given figure, about 31. Borneo 
tallow is therefore placed next to kokum butter. 

By crystalFising Borneo tallow from acetone Klmont^^ obtained 
the mixed glyccridiis oleodistearin and oleodipalmitin. 

Borneo tallow is employed by the natives for cdibh? pui'poses ; in 
Manila it is used for the manufacture of candles. It is exported to 
Europe, and should prove a valuable material for soap- and candle- 
making. The statements that it is also used for “ stiffening ” edible 
cocoa nut oil {Frifzweilcr), and for adulterating cacao butter {Sachs), 
require confirmation. 

The seeds from a plant growdng wild in Sumatra, and identified as 
Skaphium lanceatum, Mig. {Xanlhophylluni lamealum, Smith), native 
name “ Sioer,” yield on extraction witli etlier 39 per cent of a greenish- 


^ Analyst , 1909 , 206 . 
Monatsh.f. Cheiii., 1904 , 929 . * 
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yellow fat, similar in its properties to tankawang fat The seeds 
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ttforfer - ™ ^ characteristics, according 


Fat - 


Saponiticaf ioii value 

] 5 

ludine value 

lUi (I 

Acid value . 

12 2 

Fatty Acids - 

Solidifyin*)^ point 

T)! 5 

Melting point 

ol 0 

Mean mol. weight . 

2()S 


Cocoa Nut Oil Group 

The fats belonging to tlie cocoa nut oil group differ from most other 
vegetable fats by their high sapoiiilication values These are due not 
only to a large amount of laiiric acid, but also to a certain pioportioii 
of volatile acids, amongst which the " uater-iiisoliible ” acids pre- 
dominate. Hence the.so fats are charaeterised by iiigli Rciciml-Meisd 
values. 

The considerable proportion of vol.aiih; acids winch the fats hidong- 
to tills ^n’oup contain l)iin,i(s tla'in into rolationsliip witli the inifk 
fats of the mammals, hut they dilfer fiom tlu' latter essentially, not 
only with respect to their ve,uetal)le on;-!!! (and consefpiently hy the 
presence of phytosterol as against cholesterol m the imik fats), hut 
also in that they do not contain buli/nc acid It. is diu' to the ])ro- 
portion of volatile acids in the momheis of this <rroup that they can 
be dilferenttated from othiu’ veyi'table fats, which contain considm'able 
amounts of lanric acid, and which, t.hereforo, arc also characterised 
by hi^di saponification values (These latter fats are comprised m a 
separate group, the most prominent member of which is dika fat. See 
“ Dika Fat Croup.”) 

Owing to their jicfuihar cdiemical composition (simfilating to some 
extent that of butter fat) these oils arc not readily saponihed hv weak 
caustic lyes. They reijuire lor saponification alkaline lyes of high 
strength, and are thereby so easily converted into soaj) that it is only 
necessary to stir the fats and caustic alkali togidher at 30 - 35 '^ C., and 
allow the mixture to stand. After some time saponification will take 
place with liberation of heat. (Sowp-making hij the cold process.) The 
soaps thus formed are very hard, and combine with a large amount 
of water without becoming soft. These soaps have further the re- 
markable property of requiring large quantities of salt to throw them 
out of their aqueous solution, hence they are used as “ marine soaps.’' 

The following fats— arranged in the order of their iodine values 
— are included in this group : — 
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(fl) Muriti fat. 

(6) Mocaya oil. 

(c) Coliune oil. 

{d) Areca nut fat. 

(e) Maripa fat. 

(/) Aouara kernel oil. 

(g) Palm kernel oil. 

(//) Cocoa nut oil. 

(C Fat from Cocos acrocomoides. 
ij) Tonka butter. 


(a) MURITI FAT ^ 

French — Huik de Muriti. (German — Murilifetl. 

Italian — Btirro di Muriti. 

Muriti fat is obtained from Maurilia vinifera, Mart. {Acrocomia 
vinifera, Oerst.), a South American palm. The seed kernels are slightly 
roasted by the natives, ground to a paste, then slightly warmed by 
exposing to steam escaping from boiling water, and expressed in sacks 
between warmed iron plates. The fat has a pleasant taste, and is 
similar to cocoa nut oil. 


Physical and Cliemiad Characteristics of M^lrifi Fat 


Specillc 
Gravity at 
25" 0. 

Melting 

Point. 

° U. 

.S()]i<lif\ing 

J’oint. 

" G. 

Saponitleation 

Value. 

Iodine 

Value. 

Ren heit- 
, Meissl Value. 

! 

0-9130 

25 

! 

17 

: 240 2 : 

26-2 

5 

! 


The specimen examined by Fendler ^ was prepared from a Nicara- 
guan fruit which yielded 48’ 7 per cent of fat, having an acid value 
of 1*69. The melting point of the fatty acids, obtained from three 
specimens, was 54*5° C. ; it is therefore likely that the fat contains 
myristic acid. 

The statement that this fat is also prepared in Trinidad, Jamaica, 
and Brazil, and has an odour of violets and a sweetish taste, requires 
confirmation, and seems to be due to confusion with ordinary palm 
oil. This opinion of the author is confirmed by the further state- 
ment that this fat is sold in the localities named as palm oil (cp. 
“ Aouara Oil,” p. 614). 


^ Zeits.f. U liters, d. Nahrys- v. Genussm., 1903, 1026. 
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(l>) mocaya 0IL,1 mocaya HUTTKR, MACAJA RUTTER 

Fronch-//«iie ,]e mocaya. (Jernian- Mocayaol, Macaja huUer. 

Italiau Burro di niocaya. 

from flic kernels of Acrocomia .wkrucarpa ; 
Ma t (Cocos sclerocarpa Cocos acdcata, Jaeii., Ihctm mmor, dart ) a 
palm tree occurnnfr m Paraguay ami forming there vast forests The 

nut'o 1 in T'™ T ^semhles cocoa 

nut oil in its colour, odour, and consistence 

The oil is known m Trinidad under the name of “Gru-grii ” oil ^ 

Sack describes this fat under the local name “ kaumaklo.;’ and’ as 
originating from the bunniim niaccasiiba palm {Acrocomin sckrocarpa, 
Mait.). Accoidiiig to b,Kk the kernels yield only 24'8 per cent of 
fat, metong at 32 5“ C. The fatty acids Ire stated to consist of 17-5 
per cent of oleic and 82-5 jier cent of lauric aiads. Evidently Hack 
has^ovcrlooked the occurrence of volatile fatty acids. 

The fat from Acrocomia Mm. Mart, ajipears to he very closely allied 
to Mocaya oil. ihe kernels yield 58-i) jicr cent of a light yeilow oil 
liavmg a pleasant taste. The follouing characteristics were given 
by (jrmme : — 


1 

Solidifying 
j point. 

1 

1 Sa]>oniflcation ' 
Value, 

Iodine 

Value 

Keiiattivc Index. 

C. : '-D. 

1 

rnsaponillable 

Matter. 

Per cent. 

1 i 

Observer 

8 

188 3 1 

! 

2()9 

1 

23 j 1-4580 

13-4 

Clriniino j 


Solidifying 

Point. 

i- ' 

Neutralination 

Value. 

Moan Molecular 
Weight. 

Iodine 

Value. 

Itelractive Index. 

1 

1 “ 0 ; «]). 

r * 

Observer. 

! 

28-30 

191-4 

293 4 

29-3 

.30 ].44G0 

1 1 

I Orinimo 


These figures stand in need of confirmation. As the saponification 
value of the fat, and the moan molecular weight of the fatty acids 
are much too low for the fats belonging to this grou}), doubt is thrown 
upon these figures by the low proportion of insoluble fatty acids, viz. 
92-85 per cent found by Orimme} 

^ De Npgri and Falnis, (Horn. Jai mac., 1896, No. 12 ; C/iem. Rerue, 1897 8‘^ 
Knapp, Jnurn. Soc. ('hem. hid., 1914, 9. > i 

•* “ Tiisppctie van dpii Landltoiiw m West Indie,” No 5 1906 

* Chem. Revue, 1910, 156. 
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(c) COHUNE OIL 

Fiendi—H idle de cohiine. Ocniian (h>!nineinfss()L 
Italian — Olio di cof/mte 

For table of fhara,(‘terLsti<‘s see p. 610. 

This oil is obtained from the kerm'ls of the cohune ])alm, Adiilea 
cohiine., Mart., which j^rows abundantly in Ibitish Honduras, (Guate- 
mala, and Mtixico.^ The nuts are known in (Guatemala as “ .Manacca 
Nut.” 

Tlie kernels hav(‘. the appiairama' of small cocoa nuts ; thiur size is 
not ‘Ti'oatc'r than that of lai«;e nutmegs. They contain 10 jicr c(‘nt 
of a solid yellow fal, resembling in general appearance palm nut and 
cocoa nut oils. 

The mixed fattv acids nn'lt between 27'^ and 00" (h Five samph's 
examined at the Imperial Institute yiehhal Go- 1-71-6 ])er cent oi a 
solid white fat. The outer fibrous layers of the fruit contaiiUMl 1) 

20 G per cent of a greenish-yellow fat. of whh-h the lollowmg chaiactei- 
istics wau'e (letiu mimal “ . ■ 


Spec die gravity at 100/1. 1 .3’ (' 

0 81S 

Sa])onilicatioii value . 

107 4 

Iodine value' , 

73 1 

^I('lchelt■Mcl^^I value' 

1 1)3 

Acnl value 

. 102 0 

Unsaponitiahle matter, pen- cent 

0 03 

insoluble acids f- unsaponiliable' 

. 07 0 

Solidifying point, ^ U. 

. 310 


Owung to the extreme haidness of the husks, the (‘ominercial ("C- 
ploitation of the cohune nuts, which are readily obtainable in huge 
(piantities, has hitherto not been taken in hand. 

It is doubtful whether the fat from the kernels of the Surinam 
diaolris jdamcnana, Mart, {iknnnn- Afciidornjett), kn^wn under the 
native name keekeesiamakka,” and desciibed by l^acl:;^ is identical 
with cohiine oil. The kernels arc stated by Sack to contain 31-8 per 
cent of a iat melting at 32'^ 0., the fatty acids of which are said to con- 
sist of 13-6 per cent of ohuc and 81-6 per cent of laiiric acids. It will 
be observed that in this case also no mention of volatile fatty acids 
is made by Sack. 

‘ />’«//. fitip. 190;{ (\xv,). 

- lUdl. Imp. lust., IttLt. 2215. 

’ “ In.spectie van den Laiidbonw in West Indie,” BiUldin, 1906 f.O). 


|Tahle 
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(d) ARECA NUT FAT 

This fat was obtained from the nuts of Atcccl catechu, L., by ex- 
traction. The colour as also the composition of the fat varies with 
the solvent used, as is evidenced by the data given in the following 
table 


I 



j Fat — 

1 Colour 

j Odour 

JSpecitic gravity 

Meltmg point .... 

! Saponification valuo 
j loaino valuo .... 

j Reichert-Meissl value 

j True acetyl value . 

I Unaaponifiable matter . 

I Acid value .... 

I Fatty Acids— 

I Fatty acids + uu8aponifial)le . 
I Melting point . . . . 

! Mean molecular weight , 
i Iodine valuo . . . . 


Fat extracted with 

Fat extracted witli 

Ether. 

Petroleum Ether. 

Reddish-brown 

Yellowish-white 

Like nutmeg 

Nearly odourless j 

0-884 

0-973 1 

36'’.37® C. 1 

37°-38° C. ! 

227-4 

234-6 

24-3 i 

12-3 

0-2 

4-2 

11-2 

9-81 

1-12 per cent 

1-01 per cent 

01-1 

97-2 

92-76 per cent 
39° C. 

91-45 per cent 

1 39°-40° C. 

244-6 

1 238-5 

20-95 

13-6 


According to liathje,^ the fatty acids obtained from the two fats 
have the following compositions 



Fat extracted with 

T’at extracted with 


Ether. 

Petroleum Ether. 


Per cent. 

Per cent. 

Stearic acid 

2-25 

3-3 

Palmitic acid 

3-1 

2-5 

Myristic acid , 

21-0 

• 24-7 

Laurie acid 

43-7 

53-3 

Capric acid 

1-0 

1-0 

Caprylic acid 


Small quantity 

Caproic acid 


Small quantity 

Oleic acid 

29-0 (?) 

14-6 


In the author’s opinion the fat extracted with petroleum ether 
would correspond best in its composition with the other fats belonging 
to the “ Cocoa Nut Oil Group.” 


^ Arch, d, Pharm.y 1908, 702. > 
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(e) MARIPA FAT^ 

Frencli — Huile de marina. German — MaripafetL 
Italian — Sego di maripa. 

For tables of cliaracteristics see p. 613, 

Maripa fat is obtained from the kernels of Palma (AUalea) maripa, 
AubL, a plant belonging to the palm family. This palm is indigenous 
to the West Indies. In Brazil the nuts known as Urukuri nuts are 
used in the curing of rubber. Probably the commercial fat is also 
obtained from one or two other species of Attalea, viz. A. excelsa, 
Mart. (Maximiliana maripa, Drude) and A. spedahilis. The fat is 
prepared by expression or, in a cruder fashion, by boiling the fruit 
with water, when the fat rises to the top and is skimmed off. The 
expressed fat is colourless or faintly yellow ; it has a mild taste and 
a faint, hot unpleasant odour. 

Maripa fat is used as an edible fat in the West Indies and French 
Guiana ; it is also used m pharmacy. 

The fatty acids from the fat of Atlalea excelsa are stated by Frank 
and Gnddinger to consist chiefly of caproic, caprylic, and capric acids. 
They also state that they found small amounts of butyric acid.^ The 
fat from Atlulea spedahilis examined by Grimme ^ had the acid value 
8‘1, and contained 1*08 per cent of unsaponifiable matter. Although 
the Reichert-Meissl value was not determined it would probably lie 
somewhere in the neighbourhood of 7-8. 

^ Van der Dnesst'ii Mareeiiw, Tijilschr, Pharm. Chom. eu Tojicologle, 1900 

(12), 245 , J^haniL Wedblad, 1905 (40), 

- auinmi^Zeit., 1910, 1328. » Chem. Uenie, 1910, 233. 


[Table 
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(f) AOUARA KERNEL OIL 

Yvench—Huile d/amande d'aouara. Geimm—Aomrakernbl 
Italian — Olio di nod di aomra. 


This oil is obtained from the kernels of the aouara palm fruit (p., 
532). The kernels yield 46 per cent of a whitish solid fat of pleasant 
odour. The natives prepare the fat by pounding the kernels and 
boiling the mass with water; the skimmed-off fat is known locally 
under the name “ quioquio or “ thiothio.” The fat prepared by 
E. Bonioux ^ from the kernels had the acid value 9-6. The following 
characteristics were ascertained by him : — 


Fat— 

(Solidifying point 
Melting point 
Saponification value 
Iodine value 


26-2° C. 
29-30° C. 
242-5-243 3 
10-4-11-2 


Fatty Acids — 

Insoluble fatty acids +iin8aponifiable . 91-7 per cent 

Neutralisation value of fatty acids . 248-4-249 8 
Mean molecular weight „ . . 225 


In Guiana “ quioquio ’’ fat is used for medicinal and edible 
purposes. ♦ 


(g) PALM KERNEL OIL, PALM NUT OIL 

French — Iluile de palmiste, Geimm—Palmkernol^ Ker)iol. 

Italian — Sego di noce di palma. 

For tables of characteristics sec p. 622. 

Palm kernel oil is obtained from the kernels of the palm ti ee fruit 
(p. 533). The palm fruit contains, as a rule, only one kernel ; seed 
from West African palms planted in Amani, uerman East Africa, 
furnished, however, many fruits containing two kernels.^ The pro- 
portion of oil in the kernels was also very small, 33-37 per cent, when 
compared with the yield of oil from West African kernels. The kernels 
are collected by the natives after the palm oil has been recovered from 
the fleshy part of the fruit ; the shells are removed by cracking each 
nut separately with a stone or hammer. This work is chiefly done by 
women and children. Owing to the laboriousness of this process, and 
also owing to the facts that no more than about fifteen pounds oi 
kernels are obtained by one worker in a day, and that the kernels have 
to be carried to the market, enormous quantities of palm nuts are 

’ Lewkowitsch, Technologie et analyse chmiqiies des huiles, graisses et cires^ vol. ii. 
1104. 

“ C{). Lominel, Der Tropenpjlanzer. 
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wasted.^ The kernels are collected at the coast stations and shipped 
to Europe. The chief receiving ports are Hamburg, Liverpool, and 
Marseilles. 

The first palm kernels that came to Europe were brought to Mar- 
seilles as ships’ ballast from the French West African colonies early 
in the ’fifties of the last century, and were thrown into the sea as soon 
as the ship was again to be loaded. An enterprising oil miller in 
Marseilles recognised the value of the kernels, and commenced the 
manufacture of palm kernel oil. 

Recently several machines have been constructed for the breaking 
of the kernels on the spot, but in view of the exceedingly cheap labour 
(of women and children) in West Africa, it has yet to be seen whether 
the machines will meet with extended application in the near future. 
One of these was tested at the Government Botanic Gardens, Aburi, 
and it was ascertained that by using it the cost of labour was reduced 
by about 42 per cent. But, at the same time, over 20 per cent of the 
nuts passed through the machine unbroken. Haake^s machine has 
been also tried (see “ Palm Oil,” p. 534), tut according to reliable 
information given to the author it has not proved successful. The 
problem of expeditiously cracking the nuts in Africa is, therefore, 
still an unsolved problem, which must approach its solution in the 
future, as the opening up of the country by railway lines, and the 
increased facilities of transport by water, will assist in emphasising 
the enormous waste that is being incurred at present. It has also 
been attempted to express palm kernel oil cm the spot,^ but the presses 
were too heavy to be worked by women and children, and therefore 
fell into disuse. In this connection the author may state that it would 
hardly pay under present circumstances to extract the oil on the spot, 
as the residual cake, forming about 50 per cent of the kernels, has a 
high value in Europe, whereas it would be perfectly valueless in West 
Africa. The quantities of palm kernels that are imported into Europe 
are given in the following table : — 


^ Nut-c'Vfiokinf> niaclniie^ have been made by MUlcr and by but Intlierto they 

have not been able to supplant manual labour. Cp. aho S. C. Phillips, Knglisli patent 
9733, 1907. 

“ Cp. .1. Anibleston, English patent 20185, 1904. 


[Table 
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Imports of Palm Kernels into Hamburg^ Liverpool, and Marseilles 



Importi'd into 

Imported inUi 

Imported into 


Hainbtirg. 

Liv('rjtool. 

Mai sedlcs 


Tons. 

Tons 

Tons. 

1875 


... 

1,796 

1880 



2,760 

1885 



20,288 

1890 



28,864 

1895 



13,385 

1896 

101,537 


19,667 

1897 

88,707 


12,967 

1898 

101,083 


10,953 

1899 

106,208 


7,685 

1900 

117,987 


8,287 

1901 

132,005 


8,893 

1902 

160,099 

32,404 

8,096 

1903 

152,078 

25,446 

4,628 

1904 

1 I ? 9,118 

26,500 

7,514 

1905 

156,708 

22,000 

3,552 

1906 

151,105 

25,280 

4,170 

1907 

188,019 

23,450 

4,412 

1908 

! 193,468 

20,226 

1,675 

1909 

1 235,616 

17,206 

3,639 

1910 

256,668 

23,826 

1,262 

1911 

280,429 

20,799 

1,832 


The chief centre of tlic palm kernel oil industry is Ilarburg (near 
Hamburg), whence most of the palm kernel oil used in England is 
shipped. The following table shows the imports of palm kernel oil : — 


Palm Kernel Oil imported into Liverpool 


Year. Tons. 

1!)00 3,81)2 

1901 4,744 

1902 15,004 

1903 8,448 

'1904 14,4.38 

1905 11,292 

1906 7,128 

1907 (year of high prices for oils) . 14,658 

1908 6,962 

1909 9,690 

1910 5,439 

1911 1,722 

1912 1,998 


At present considerable quantities of palm kernel oil are being pro- 
duced in Liverpool. 

Details of German trade in palm kernel oil are given in the following 
table : — 
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lTni)orts. I Exports. 


From 


Belgium 

United Kingdom 


To 

1011. I 

1012. 

Belgium 

733 

770 

Denmark 

1)13 

323 

United Kingdom 

11,837 

5,870 

Holland . 

374 

433 

Austria-Hungary 

6,044 i 

6,428 

Finland . 

307 1 

338 

Switzerland 

1,380 

1,616 

United States of 



America 

14,011 

15,826 


The total annual production of palm kernels in the French colonies 
reaches about 30,000 tons per annum. The following table gives 
some details 


Exports of Palm Kernels from the French Colonies 
In metric tons 


Year. 

Senegal. 

FkmicIi 

Guinea. 

Ivoiy Coast. 

Dahomey. | 

French Congo 

1900 

430 

2387) 

3108 

21,986 

688 

1901 

733 

2103 

2982 

24,212 

611 

1902 

481 

2894 

3417 

29,778 

728 

1903 

772 

2819 

2840 

21,685 

621 

1904 

1905 

903 

903 

2855 

2810 

3366 

3169 

25,997 

17,480 

691 

667 

1906 

1045 

2930 

3217 

18,835 

442 

1907 

1908 

1431 

1517 

3748 

3509 

3351 

18,810 

23,035 

389 

1909 

1191 

3762 

5191 

33,224 

375 

1010 

1439 

4579 

5122 

34,783 

577 


The imports of palm kernels into Marseilles have decreased con- 
siderably during the last ten years, and at present kernels are only 
occasionally expressed there. This is due to the cake not finding a 
ready sale as cattle food in the South of France, the cocoa nut cake 
having almost completely ousted the palm kernel cake from that 
market. In fact, the small quantities of cakes that wore prepared m 
the Marseilles market were extracted with carbon bisulphide, to re- 
cover the whole amount of oil ; hence the extracted cakes had only 
value as manure. (At present the extraction of palm nut cake mth 
solvents has been abandoned in Marseilles as being unremuneratiye, 
but is still continued on a large scale m Hamburg. An apparatus or 
the extraction with benzene has been patented by Dtehm and Knolle. 

1 Gernj.'iu patent 262,194. 
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The small quantities that are made in Marseilles are sold as cattle 
food.) In Germany, on the other hand, palm kernel cakes find a ready 
outlet as food for young pigs. 

The kernels are screened to free them from shells, stones, nails, 
and hammerheads, passed over magnetic separators, and then ground 
between rollers to a paste. The pulpy mass is either expressed in ^ 
hydraulic presses or extracted with solvents. In the first process the 
meal must be pressed twice, on account of the large proportion of fat 
the kernels contain. 

On a commercial scale the first expression of palm kernel meal is 
carried out at a temperature of 45-50° C., the second at 55-60° C. Thus 
43-45 per cent of palm kernel oil is recovered. 

The press cake contains 6-8 per cent of oil ; its proportion of nitrogen 
is small (about 2*5 per cent) ; hence its value as cattle food is some- 
what low. For the same reason the extracted meal has little manurial 
value. 

The variations of the percentage of oil in the kernels will be gathered 
from the following two tables. The first table, due to Fefidler,^ refers 
to the varieties of palm fruits described above (p. 537). 


Variety 

Oil 

For cent. 

Moi.sture. 

Fer cent. 

Do . . ... 

43-7 

8‘2 

Do do baldii 

40 •! 

6 -5 

So do . 

49-2 

5 ’9 

A fa do . 

4 5 ‘6 

6 '5 

Sinall-frnitcd Lisonibe . 

49*2 


Largo-friiitcd rdsonibo, ripo . 

48*9 

.. 

Largo-fniitod Li^onibe, uiinpo 

49-2 

1 

! 


The numbers given in the following table, duo to Nordlinger,'^ refer 
to commercial brands of palm kernels : — 


Origin of Palm Kernels. 

• 

Froportionof Fat. 
Fei cent. 

I Origin of Falm Kc'^iels. 

Proportion of Fat. 
For cent. 

Sierra Leono . 

48 6 

Togo District, Frciudi 

49-3 

Dland of Slioiboro . 

46 '7 

Lagos 

50 4 

Liberia 

49-4 

Benin 

49 8 

Grand Bassa 

50-2 

Niger 

50 5 

Hall -lack 

60*8 

Brass 

52-5 , 

Apollonia 

47-2 

Calabar . 

50-9 

Di.xoove . 

1 48'2 

Bonny 

51 0 

Cape Coast Castle . 

1 50 2 

Opobo 

62 '8 

Winnebah 

46-1 

Canieioons , 

49 0 

Qiiitta 

48-4 

Congo 

1 47-4 

Togo District, German 

52T 

Loanda . 

f 50-9 

1 


^ Berichte d. Pharm. Oes,, 1903, 115. 
2 Journ. Soc. Chem. Ind,, 1895, 585. 
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The colour of palm kernel oil is white to pale yellow. In the fresh 
state the oil is neutral and has a pleasant smell and an agreeable nutty 
taste. Commercial samples contain, however, notable amounts of 
free fatty acids. The following table gives the proportions found 
in various samples of palm nut oil - 


Free Fatty Acids in Palm Kernel Oil 


Kind of Oil. 

No of Sfirnples. 

Free Fatty Acids as Oleic Acid. 

Observer. 

Expressed oil 

27 

Per cent 

3 30-17 65 

N()rdlin"or 


2 

9 8 -11-16 

Kinnierling 

Extracted oil 

6 

2 6 - 6-2 

Lewkowitseh 

10 

4 *17-1 1*12 

Nordlinger 

,, ,, 

5 

6 38- 8-69 

Enimorhiig 


4 

3 29- 4*13 

Fendler 






Emmerling'^ found the following increases in the amounts of free 
fatty acids in some specimens of oil kept in closed bottles for two 
years :~ 


Sample No 

Free Fatty Acid oaleiilatc<l as Oleic Acid 




Flesh Oil 

Afti r Two Years. 


Per cent. 

I'ei cent. 

1 

7-39 

9 25 

2 

6 38 

8-59 

3 

7 54 

8-74 

4 

9 80 

11 86 


On exposure to the air for four months the amount of free fatty 
acids increased but little, viz. — from 8-59 and 8*74; to 9-10 and lO-OO 
per cent respectively ; whilst the amount of volatile fatty acids, 
measured by the Rcichert-Meissl value, increased aftei* four months 
exposure to the light from 5'96 and 5*41 to 6’69 and 6*38. The same 
samples kept in the dark showed after the same time 7*28 and 6*53 
respectively. 

The iodine values also decreased on keeping in closed bottles, as^ 
shown in the following table 


1 Lamho. Versuchsst.^ 1808, 51. 


[Table 
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Sample No. 

Iodine Value. 

Fresh Oil. 

Oil ke{)t Two 

Years m 

Closed HoUle. 

1 

16-23 

11-28 

2 

16-76 

10 06 

3 

15-37 

10-56 

4 

15-30 

11 94 


Palm kernel oil dissolves completely in four volumes of absolute 
alcohol at 32° C. {Milliau ^). 

The chemical composition of palm kernel oil is not fully known. 

Vale7ita^ examined the mixed fatty acids. By passing a current 
of steam through the acids a small quantity volatilised ; the distillate 
consisted of caproic acid, and most likely also of caprylic acid. After 
drying the acids that remained behind and distilling them fractionally, 
at a pressure of 100-160 mm., six fractions were obtained, the exami- 
nation of which led to the results recorded in the table : — 


Fraction 

Boiling 

Molting 

Saponif. 

Iodine 

Yield. 

Sal united 
Fatty 
\uds. 

Oleic 

Constituents 
of the 
Fraction 

No. 

Point 

Point. 

V'aluo. 

Value. 

Acid 


• C. 

-c. 



Per 

rent 

Per eeiit. 

Per 

cent. 


1 

195-190 



0 

4 

100 

0 

Caprylic, capric 

2 

190-200 

si -5 

310 

2 6 

10 

07 2 

2 3 

Cupric, oleic 

8 

200-205 

87-5 

275 

341 

53 

/96 3 
1915 

3 7 

liaunc, ca[)ric, oleic 

Laurie, iiiyristic, 

4 

205-22.5 

82 5 

2M 

7S/ 

8 ') 

b 

226-245 

81 5 

251 

16 7 

15 

81-7 

18 5 









oioic 

6 

246-270 

35 0 

219 

41 3 

5 

64 6 

45 3 

Myiistic, palmitic, 
oleic 

i 

7 

Uosidue 




1 

1 ^ 




A number of experiments made in the author’s laboratory yielded 
insoluble volatile acids (PolensJce method) 10-12. 

The volatile fatty acids of a specimen of pakn kernel oil having 
the (very high^ acid value 34, Reichert-Meissl value 5-2, and the number 
for insoluble volatile acids (see “ Butter Fat ”) 9-3, were examined 
by 0. Jensen^ who states that butyric acid was absent, and that the 
amounts of deci-normal alkali required for caproic, caprylic, and capric 
^ acids for 5 grms. of the palm kernel oil were 2-5 c.c., M c.c., and 23*0 
c.c. respectively (cp. “ Cocoa Nut Oil,” p. 643). 

Elsdon,^ by following Haller's method of alcoholysis (cp. Vol. I. 
p. 665), resolved the fatty acids of palm kernel oil into the following 
fractions 


1 CompL rend., 1892 (115), 517. 

2 ZeitRchr. f. angew. C/tem., 1889, 335. 

Zeits. f. Unters. d. Nahrgs- u. Genussm,, 1905, 265. 
* Analyst, 1914, 78. 
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Caproio acid 

2 

Myristic acid . 

. 12 # 

Caprylic acid . 

6 

Palmitic acid . 

9 

Oapric acid 

6 

Stearic acid 

7 

Laurie acid 

. 65 

Oleic acid 

4 

The amount of oleic acid appears to be too low. 



The chief constituent of palm kernel oil is therefore laiiric acid. 
From the iodine value the author calculates the proportion of oleine as 
12-20 per cent. The older statement of Oudemans that palm kernel 
oil contains 26-6 per cent of oleic acid, must be abandoned as erroneous. 
Palm kernel oil is very nearly related in its chemical composition to 
cocoa nut oil. Like the latter it is remarkable on account of its high 
saponification value, and the notable amount of glycerides of volatile 
fatty acids it contains (cp. “ Cocoa Nut Oil,” p. 643). It also requires, 
like cocoa nut oil, strong caustic soda lye for saponification, and yields 
a hard white soap, which is only thrown out in the “ salting out ” 
process by a largo amount of salt.^ 

Palm kernel oil is largely used for soap-making, chiefly in admixture 
with other oils and fats. Like cocoa nut oil it is eminently suitable 
for the manufacture of soaps by the cold process. The freshest oil 
is employed in the manufacture of vegetable butter (like “ Cocoa Nut 
Oil ” (p. 648)), and of “ Chocolate Fat.” 

In this latter manufacture a hard fat falm nut stearine”) is 
obtained ; the liquid ‘‘ palm nut okine^ being a by-product, is used 
in soap-making. A sample of palm nut oleine, examined by the author, 
had the titer test 16-8-17° C. 

Palm nut oil is not adulterated with other fats (cp. also p. 648). 
The edible variety of palm nut oil is, however, used for adulterating 
butter fat and cacao butter (sec p. 587). 

^ Cj). Lewliowitsch, Jvnrn. *SW. (tud ColoKi'id'if 1891, Match Jonm. *S()C. 

Ciicm, liuL, 1894, 258. 


[Table 



Specific Gravity* Solidifying Point. Melting Point. Saponification Value. Iodine Value. Reichert-Jdcissl Refractive Index, 
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{h) COCOA NUT OIL 

French — Beurre de coco ; huile de copmh. German — KoJcosbl ; 

Kokosnussbl. Italian — Burro di cocco. 

For tables of characteristics see pp., 645-647. 

Cocoa nut oil is the fat obtained from the kernels of the cocoa nut, 
especially from those of the two species Cocos nucifera, L., and Cocos 
hutyracea, L. 

Cocos nucifera grows on all coasts and islands of the tropics ; in 
fact, it may be considered a cosmopolitan of all tropical coast lines in 
both hemispheres. 

De Candolle is of the opinion that the cocoa nut tree is indigenous 
to the Islands of the Malayan Archipelago, whence the nuts were driven 
by the sea currents towards the East to the Pacific Islands and the 
'coasts of Central America, and towards the West to Ceylon and the 
east coast of Africa.^ 

The fruits falling into the sea are carried by the waves into distant 
countries, and the seed, being well protected by the “ coir ” (fibres), 
is able to germinate on all shores (islands and even coral reefs) where 
the fruits may be deposited. The tree grows best in the neighbourhood 
of the coast and a few miles inland at low altitudes. It will also grow 
far inland,^ but there it no longer bears fruit ; nor docs it bear fruit 
in sub-tropical climates. It forms large forests, especially on the 
coasts of Ceylon, Java, and the Philippines. On account of its mani- 
fold uses, the tree has been cultivated early in the history of mankind, 
and the fruits were therefore gathered, so to speak, on a commercial 
scale, not only in the localities named, but also in all South Sea Islands, 
Madagascar, Mauritius, Ceylon, Zanzibar, the East and West Coasts 
of Africa, the Antilles, and the coast lines of tropical South America. 

According to the Cocoa Nut Planters^ Manual, the area under culti- 
vation for cocoa nut palms in 1907 was as follows : — 



Hectares. 

Acres. 

Ceylon 

330,525 

750,000 

South America 

202,350 

600,000 

India 

161,880 

400,000 

Straits Settlement, Philippines 

141,645 

101,176 

360,000 

Java, Sumatra 

250,000 

South Sea (Pacific Islands) .... 

106,200 

j 260,000 

Mauritius, Seychelles, Madagascar, Zanzibar, 
Reunion, and East African Coast 

44,617 

110,000 

Siam and Cochin China 

40,470 

100,000 

West Indies 

44,617 

' 110,000 


^ Hubert, Le Cocotier, Paris, Duuod and Piiiat, 1906. ^ 

Cocoa nut trees grow at Luang-Prabang, in Indo-Chiiia, a distance of about 100 
miles from sea. 
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Cocos hviyracea is indigenous to Brazil, and yields, together with 
Cocos nucifera (and all the other species of the cocos family mentioned 
already, such as Cocos sclerocarpa^ etc.), the^chief quantities of cocoa 
nut fats that are consumed locally. The exported cocoa nut oil is, 
however, mainly derived from Cocos nucifera. 

, The cocoa nut tree flowers when about 6 or 7 years old, and begins 
to bear fruit fully when it has reached the age of about 8 to 10 years. 

It then retains its fertility up to an age of 60 years and more, and 
under favourable conditions (as regards soil and moisture) it even 
bears Luit up to the age of 100 years. The cocoa nut palm, when in 
full vigour, produces about sixty nuts annually. The nuts contain a 
fleshy endosperm built up from a milky juice rich in oil. At the period 
of maturity of the fruit the milky juice has disappeared almost com- 
pletely, and the endosperm forms the well-known cocoa nut kernel 
(“ cocoa nut meats ”), inside which the remainder of the milky juice 
— cocoa nut milk — is enclosed.^ The kernel contains from 30 to 40 per 
cent of fat, and about 50 per cent of moisture. One thousand nuts 
yield about 200-250 kilos, of dried kernel (containing on the average 
about 10 per cent of moisture), which is known under the name of 
copra. 

Since the earliest time in the history of mankind, the kernels have 
been used by the natives of the South Sea Islands, and especially of 
India, as one of their chief articles of food. Tlie mode of preparing 
the oil, as practised centuries ago, would therefore hardly have diflered 
from the primitive methods described in the foregoing pages for tlie 
preparation of other fats, such as palm oil, carapa oil, etc. Thus on 
many South Sea Islands the kernels were cut into small pieces and 
exposed in piles to the sun, when the oil would run off spontaneously. 
An improvement on this method consisted in converting the kernels 
into pulp, placing the latter in vessels perforated with holes, and ex- 
posing them to the sun, when the oil would run through the holes. 
The oil was then collected and carried in bamboo sticks to the market, 
a method which is still being practised nowadays, or has been prac- 
tised up to a few years ago, in the outlying parts of the Philippines.^ 

^ Receut analysis by A. Behre {Pharm. ZeniralbL, 1906, 145) of tlie cocoa nut milk 
from three Ceylon cocoa nuts gave the following results : — 


Specihc gravity at 15" C 

1'0214 

1 0260 

1-03-25 

100 c.c. contained— 

Water . 

01-20 

93-55 

92-25 gnii' 

Extract . ... 

5-707 

6 447 

7 - 741 ] ,, 

Ash ... ... 

0-065 

0 S02 

1 (K)0 

Troteids .... 

0-811 

0-800 

0-441 ,, 

Fat 


0-015 

0-014 „ 

Phosphoric acid as P.jOr, .... 

0-051 

0-103 

0-182 „ 

Chlorine 

0-158 

8-220 

0-221 „ 

[a]D in 200 rani, tube before conversion . 

+3“ 28' 

+4" 12' 

+ 5" 10' 

,, ,, „ alter conversion 

-r 8' 

- 2“ 1' 

- 2“ 25' 


Cp. also E. (le Kruyff, Bullet, du Depart. del'Agric. aux hides Nkrla'ud. iv. 1907. 

2 Practically the same process is employed by the natives of Cochin China and 
Annam, Bull, iconbm. de V hido-Chine^ No. 45, Sept. 1905 ; Les Principaux OUagineux 
de Vlndo-ChinCf Hanoi, 1900. 
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Further progress was marked by the endeavour of the natives to render 
their process of manufacture independent of the heat of the sun — 
as in the rainy season. Thus the kernels were laid on hurdles, formed 
from bamboo staves and cocoa nut leaves, and dried over a slow fire. 
The dried kernels were then pounded and subjected to expression in 
an improvised press (cp. Chap. XIII.). 

In India, where cocoa nut oil became at an early date an exten- 
sively used food product, and where it not only replaced butter, but 
was also used for pharmaceutical purposes, more refined methods of 
preparation were resorted to. The nuts were split into halves by a 
blow with a sharp instrument, the cocoa nut milk was poured ofi, 
and the halves exposed to the sun to dry, when the kernels became 
readily detachable from the shell. The dried kernels were then 
triturated, and expressed. A still better product was obtained by 
throwing the pounded kernels into boiling water, when the oil rose to 
the top, ready to be skimmed off. The residual mass was used as cattle 
food (cocoa nut poonac). This process was carried out with special 
care at Cochin on the coast of Malabar. It has remained in existence 
to the present day, and the reputation of Cochin cocoa nut oil for best 
quality has been maintained to this day (see below). 

In carrying out the primitive processes sketched above it was 
found, no doubt accidentally, when owing to a good harvest a surplus 
of nuts was obtained, that the kernels could be preserved for some 
time by drying them thoroughly so as to remove the bulk of the water. 
The absence of a considerable quantity of moisture prevented the 
setting in of excessive hydrolysis and subsequent rancidity, and at 
the same time prevented the growth of fungi. It will, therefore, be 
readily understood that at an early stage of civilisation the produc- 
tion of such dried kernels copra ”) developed into a manufacturing 
process. 

Cocoa nut oil became first known in Europe in the eighteenth 
^century, but did not find any extended commercial use till the middle 
of the last centmy. 

The first important consignment of cocoa nut oil appears to have 
arrived in this country in the second decade of the nineteenth century. 
The first English patent dealing with cocoa nut oil (“ as imported ”) 
dates from 1829 (English patent 5842, by James Soames*thQ younger). 
The first installation for expressing cocoa nut oil in this country from 
copra (“ copperah ”) imported perfectly fresh in large iron tanks filled up 
with cocoa nut oil, appears to have been erected by W. Tindall, Enghsh 
patent 9230, 1842. The first patent claiming the manufacture of 
soap from cocoa nut oil is by R. L. Sturtevant, English patent 8870, 1841 ; 
when its characteristic properties as a soap-making material were fully 
recognised and rapidly created a great demand for the oil. This 
demand has since then grown to such an extent (as will be gathered 
from the statistical tables given below) that almost every part of the 
tropics is contributing to the supply of cocoa nut oil. And yet the 
production of this oil is still in its infancy, and strenuous efforts are 
being made, especially in the West Indies and at the West Coast of 
- VOL. II 2 s 
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Africa, to increase the production. In commerce three qualities of 
oil are distinguished : (1) Cochin oil, (2) Ceylon oil, (3) Copra oil. 

(1) Cochin oil is the finest and whitest quality. As stated already, 
a considerable amount of Cochin oil was prepared originally at the 
coast of Malabar by boiling the kernels with water and skimming off 
the oil. This oil owed its fine quality to the freshness of the kernels. 
A considerable quantity of “ Cochin oil ’’ was also made in crude native 
mills by expression ; during the latter years modern plant has been 
introduced into India such as is in vogue in Europe (see Chap. XIIL). 
Cochin oil being obtained from fresh nuts, remains for a short time 
only exposed to the air in contact with the putrescible matter of the 
kernel, and therefore contains only a very small amount of free fatty 
acids. The author found the proportions varying from 1-5 to 3 per 
cent, calculated to oleic acid. Of course, other cocoa nut oils pre- 
pared from fresh kernels with the same care are equal in this respect 
to Cochin oil. Hence the name “ Cochin ” has become a generic term 
for the finest quality of oil, and we, therefore, find in commerce the 
commercial brands : Cochin Cochin-China, Cochin Australia, Cochin 
Mauritius, Cochin South America. Cochin “ reutre ” “ ncige ” are 
special qualities of white filtered oil. 

The superiority of Cochin oil to Ceylon oil seems to be due to some 
extent to the better climate, as the Malabar coast enjoys a larger 
number of dry months than does Ceylon. Hence the kernels can be 
dried in the sun, whereby a whiter and better flavoured oil is obtained 
than the Ceylon oil quality. The superiority of Cochin oil is, however, 
chiefly due to better cultivation of the plant (manuring, pruning, 
destruction of insects,’- etc.) and better and cleanlier methods of manu- 
facture. The Cochin oil is also stated to contain a larger amount of 
“ stearine ’’ than the Ceylon oil. But this appears doubtful, and 
may be due to the larger yield of “ stearine ” obtainable on a large 
scale, owing to Cochin oil containing a smaller amount of free acids 
than do Ceylon oils. 

By expressing the kernels in the cold an oil of the solidifying point 
13°-12® C,, and the melting point 20° C., is obtained. This cold-pressed 
oil, however, is not a commercial product, being used on the spot as 
a substitute for butter fat, 

(2) Ceylon oil is prepared in a similar manner {i.e. either by boiling 
or by expressing) in the plantations of Ceylon. This oil, no doubt 
owing to a certain want of care on the part of the natives as compared 
with that exercised by the natives of the Malabar coast, represents a 
second quality of cocoa nut oil. Ceylon oil contains a higher percentage 
of free fatty acids than Cochin oil. The author found in the examina- 
tion of a large number of samples, extending over a series of years, 
from 5 to 10 per cent of free fatty acids (as oleic). Owing to the changes 
which the putrescible substances of the kernels have undergone before 

^ In the East the cocoa nut beetle is now becoming one of the greatest pests of the 
cocoa nut palm. The ravages effected by this beetle in Rangoon are such that the total 
disappearance of the tree is feared. In Ceylon special regulations are in force to 
prevent the spreading of this pest. 
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expression, Ceylon oil possesses the peculiar acrid taste which a cocoa 
nut oU of a somewhat pronounced rancid character has ac(][uired. This 
drawback seems to be gradually disappearing, as, according to private 
information supplied to the author, there are at present some establish- 
ments at Ceylon in which cocoa nut oil is prepared by modern methods, 
so that it approaches Cochin oil in freshness and low percentage of 
free fatty acids. The “ poonac ” is consequently of the same good 
quality as the Malabar “ poonac,” and considerable quantities are even 
exported. The extent to which the cocoa nut oil industry has grown 
in Ceylon may be gathered from the following tables, giving the values, 
in rupees, and quantities of the exports of some of the cocoa nut pro- 
ducts from Ceylon (cp. also table below, “ Exports of Copra ) : 


[Table 



Exports of Cocoa Nut Palm Products from Ceylon {Values) 
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A further classification of the quantities of cocoa nut oil shipped 
from Ceylon during recent years is given in the following table : — 



/x^\ 
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(3) Oofra oil is prepared in modern factories in Europe, the United 
States, and in Australia ^ from copra (i.e. the dried kernels), which is 
imported in enormous^ quantities into these countries. The conversion 
of the kernel into “copra” is not only a convenient method for 
reducing the cost of freight, but is pre-eminently a cheap process for 
preserving the cocoa nut oil as far as possible. The earliest process of 
manufacturing copra consists, as has been pointed out above, in ex- 
posing the broken kernel in smaller or larger pieces to the sun, when 
most of the moisture evaporates. Fully ripe nuts only should be used 
in the preparation of copra. Copra so prepared is sold as “ sun-dried ” 
copra. The sun-dried copra is of much better quality than the kiln- 
dried (see below), for it gives a -light-coloured cocoa nut oil having 
only a slight yellow tinge, which can be readily removed by treating 
the oil with char in the course of refining. A more rapid process of 
obtaining copra is to dry it in kilns by the aid of fire. The primitive 
method in which these kilns (originally nothing else but grills con- 
sisting of a bamboo grating on which the split nuts were placed {^ce 
downwards) were erected and managed, gave the fumes ready access 
t() the copra itself, so that even the best kiln-dried copra was char- 
acterised by a peculiar empyreumatic smell. The inferior brands of 
copra were partly roasted or even burnt at the outside. Such copra 
gives a yellowish oil which proves refractory in the bleaching process; 
At present improved methods of drying copra in kilns are being intro- 
duced. In India, as also in some of the Pacific Islands, drying by 
hot air is being resorted to. The best practice is to bring the nuts, 
immediately after they have been picked up, into sheds, so as to protect 
the kernels against the influences of sun or rain, as the case may be. 
Then the fibres (“ coir ”)^ are removed,^ the nuts split open, when the 
“ milk ” runs out, the kernels cut into large pieces, and the “ meats ” 
placed on hurdles, consisting of bamboo sticks and cocoa nut leaves 
arranged on small waggons, which are drawn slowly through a heated 
tunnel in which the copra is meeting hot air on the counter current 
principle. The copra prepared by this process is, up till now, chiefly 
used in confectionery, and fetches a higher price than sun-dried copra. ^ 

In the British West Indies drying by means of hot air in a rotary 
dryer has been introduced, and the results are 'considered very satis- 
factory, as thereby the best copra on the market is obtained. Similar 
plant is being introduced in the Samoa Islands. 

It would appear that drying in vacuo would be a still more prefer- 
able method.^ Although E, S. Walker,^ who has carried out experi- 
ments on a small scale with a vacuum apparatus, states that this method 
does not yield satisfactory results, no definite conclusion should be 

^ The northern coasts are now being planted with cocoa nut palms. 

* Attempts are being made in the Straits Settlements to use this for the manufacture 
of paper. 

2 For the utilisation of the coir, cp. Gaebel4, English patent 12,596, 1906, and also 
Soci4t4 Commerciale des Grins, French patent 421,381. 

* Detailed instructions as to the erection of a copra drying house are given by A. 
Dommes, Ler Tropenpjlanzer, 1910, 288. 

® Bridge, English patent 6633, 1912. 

® The Philippine Journ. qf Science^ vol. i. p. 118. 
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drawn from these experiments, inasmuch as they were carried out on 
too small a scale, and the kernels were exposed for too long a time to 
an elevated temperature. In the author’s opinion a process which 
combines the rotary dryer with the application of vacuum should 
yield satisfactory results.^ 

To obtain a perfectly white copra, the fleshy part of the nut must 
be brought as soon as possible into a drying chamber and heated to 
a temperature of from 60 to 70"^ C. Fresh copra yields from 60 to 65 
per cent of dry copra.^ 

Whereas the fresh kernels contain about 3040 per cent of fat, the 
sun-dried copra contains as much as 50 per cent. In kiln-dried copra 
the percentage of fat rises to 63 p€^ cent and even 65 per cent. In 
hot-air-dried copra the percentage of fat reaches even 74 per cent. 
If the copra is properly dried so that the percentage of water falls 
to about 4 per cent, fungi do not develop on it, and the fat will con- 
sequently undergo little change during transport (in bags) on board 
ship. A process by which the copra is treated with a mixture of 
sulphurous anhydride and air has been protected by Marot} Copra 
as now made retains, however, mostly 9 or 10 per cent of water, a 
proportion which favours the growth of fungi. Hence such copra is 
easily attacked by them, with the consequent deterioration of the oil 
(see Vol. L Chap. L), and the formation of free fatty acids. 

The following table, due to Schhidler and Waschata^^^ shows in detail 
the percentages of fat obtained in the examination of some kiln-riedd 
and hot-air-dried copras : — 


^ Cp. Lewkowitsch, P]vapoiation in Vacuo, Journ. Soc. (Jhem, Ind., 1905, 49. 
^ A. Domines, Der Tropenpjlanzcr, 1910, 288. 

^ English patent 6379, 1906. 

Cliem. HecuCf 1905, 169. 


[Table 
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No. 

Origin. 

Year. 

Water. 

Fat. 

1 

Ceylon .... 

1900 


71-40 

2 

1900 


67-86 

3 

... 

1901 

3*65 

69-17 

4 

Penang .... 

1900 


68-95 

5 

,, ... 

1900 


67-08 

6 

Sangir .... 

1900 


68-93 

7 

Malabar 

1900 


71-03 

8 

Singapore 

1900 


69-05 

9 

n 

1900 


65-91 

10 

Java . . . .' 

1900 


68 77 

11 


1900 


67-06 

12 


1902 


66-21 

13 

Pontianak 

1900 


65-43 

14 

Manila .... 

1900 

4-61 

64-47 

16 

,, (special quality) 

1900 


67-65 

16 

1901 


67-10 

17 


1901 


68-57 

18 1 


1902 


68-34 

19 

Pacific Islands 

1900 

4*10 

74-72 i 

20 

Zanzibar 

1901 


70 23 

" 1 

Tangiers 

1903 


67-00 


Means of twenty-one analyses .... 68’30 

Maxiniuni 7472 

Minimum 64’47 


A comparative examination of tlie nuts from Zanzibar and Kilosa 
was undertaken by Lotnmel} The nuts were dried in the shell and 
the copra pressed. The pressure residues were extracted with carbon 
tetrachloride. The results are tabulated below 



Nuts trorn Zanzibar. 

Nuts from Kilosa. 

Yield of copra, per cent 

24-30 

18-31 

Cold pressed oil, per cent . 

27-38 

37-44 

Extracted oil, per cent 

22-33 

16-26 


In the following table an attempt is made to classify the different 
copras on the market in the order of their quality, commencing with 
the best. It should, however, be noted that the order is subject to 
great fluctuations, and must vary from year to year : — 


Kind of Copra. 

Mode of Drying. 

Malabar ..... 

. Sun-dried 

Seychelles ® . . . . 

M 

Venezuela (Caracas, Porto Cabello) . 

• >> 

Ceylon ..... 

. 


1 rjlarmr, 1910, 119. 


Cp. Btdl, Imp. IiisL, 1909, 894. 



XIV 


COCOA NUT OIL 


Mode of Drying. 
Sun-dried 


633 


Kind of Copra. . 

Java 

C6bu (Philippines) 
Mozambique 

Noumea (New Caledonia) 

Dahomey (Quittah) 

Celebes 

Borneo 

Sumatra . 

Macassar . 

Manila 
Zanzibar . 

Saigon 

Pacific Islands 


Kiln-dried 

Sun-dried 


The copra is treated in the oil mills in a similar manner to that 
in which palm kernels (see p. 614) are worked up. The meal is ex- 
pressed twice at a temperature of 55 to 60° C. ; the practical yield of oil 
varies from 63 to 66 per cent according to the content of oil in the 
raw material. The expressed oil contains, according to the quality 
of the copra, more or less of free fatty acids. 

The author found in a large number of copra oils up to 25 per cent 
of free fatty acids (see p. 619, “ Palm Kernel Oil,” and Chap. XIII.). 

The oils high in content of free fatty acids are sold for soap-making 
purposes after a preliminary boiling up with water and hltration. 
Only the most carefully prepared copra will yield an oil that can be 
used for edible purposes (cp. Chap. XV. “ Vegetable Butters”). 

According to Richardson cocoa nut oils have come on the market 
having iodine values of 18-24. These oils, he found, had been pre- 
pared from copra containing large quantities of rind parings. He 
shows by experiment that the oils from the “ meat ” and the rind had 
the iodine values 8’9 and 40-25 respectively. 

The cocoa nut cakes contain from 7 to 10 per cent of fat, but are 
low in percentage of proteins (about 20 per cent) as compared, e.g. 
with sesame cakes. Nevertheless the cocoa nut cakes form a valuable 
food for dairy cattle ; they are said to increase the well-being of milch 
cows and to stimulate the secretion of milk.^ 

It should, however, be stated that Einecke ^ demonstrated by ex- 
periments that cocoa nut cake has rather a depressing ftian a stimulat- 
ing action as regards the quantity of fat in the milk, and that therefore 
the influence of cocoa nut cake on milk-fat production should be judged 
as being nil. In Glermany the press cakes, after extraction with volatile 
solvents, are used as cattle food. 

Trials have been made to extract the cocoa nut oil from copra 
by solvents, but all attempts have been abandoned owing to the un- 
remunerativeness of the process (cp. Chap. XIII. p. 27). Only under 
exceptional market conations, such as the extremely high prices 

^ Cp. Garola, Contribution d. VHude des tourteaux alitneniaires, Chartres, 1892 ; cf. 
also Collin and Perrot, Les Rhidus industriels ulilisis par V agriculture comme aliments 
et comme engrais, Paris, 1904. 

* Mitt, des landw. Instit, d. Univ., Breslau, 1903, 2,659. 
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ruling in 1907 for cocoa nut oil, does it pay to extract the oil from 
the cake by means of solvents, and to sell the residue for manuring 
the land. 

Copra yielding cakes unfit for cattle food is extracted with 
petroleum ether carbon bisulphide in order to recover the valuable fat. 

The amounts of copra coming into the world’s markets may be 
gathered from the following table : — 


[Table 
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From the numbers given, the great variation in the production 
will become at once apparent. (The shortage in the production of 
1906 found its commercial expression in the very high prices of cocoa 
nut oil during 1907.) Almost the total quantity of Ceylon copra went 
to Germany, France, Austria, and Belgium. The average annual pro- 
duction of copra in the Society Islands is about 6399 tons. 

In view of the importance which Marseilles has gained as a centre 
of the cocoa nut oil industry, the following tables will be found useful : — 


Imports into Marseilles of Copra and Cocoa Nut Oil 


Year. 

Copra. 

Cocoa Nut Oil. 


Kiloxianunes. 

Kilogrammes. 

1846 

1,370,000 


1857 

960,000 


1875 

712,000 

1,076,560 

1880 

852,900 

4,282,895 

1885 

22,092,943 

2,435,402 

1890 

34,163,594 

437 

1895 

70,957,593 

18,211 

1900 

94,360,000 

10,679 

1905 


1,233,308 

1910 

146,564,000 

738,000 

1911 

185,108,000 

1,011,000 

1912 

158,935,000 

2,189,000 


Exports from Marseilles of Cocoa Nut Oil {or Copra 


Year. 


Tons. 


1870 

1875 

1880 

1885 

189b 

1895 

1900 

1905 

1910 

1911 

1912 


40 

100 

922 

2,303 

9,437 

7,610 

10,234 

10,776 

43,273 

45,280 

9,520 


The quantities of copra imported into France, Marseilles, and 
Hamburg are placed side by side in the following table 


* The exported copra is chiefly shipped to the United States, 
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■ Year. 

France. 

Marseilles. 

Hamburg. 

1896 

81,378 

75,206 

21,084 

1897 

68,074 

63,032 

10,791 

1898 

69,463 

63,398 

14,096 

1899 

88,069 

74,094 

11,523 

1900 

106,101 

94,360 

21,034 

1901 

81,069 

74,626 

19,983 

1902 

91,963 

85,382 

43,522 

1903 ] 

104,316 

95,459 

48,652 

1904 

88,111 

81,126 

48,586 

1905 

110,678 

102,976 

88,165 

1906 1 

102,984 

97,720 

79,942 

1907 

97,277 

94,292 


1908 

152,104 

162,109 

83,669 

1909 

131,0.55 

133,706 

112,159 

1910 

1.53,817 

1 146,564 

15.5,989 

1911 

178,671 

18.5,108 

148,066 


The following table gives a synopsis of the cocoa nut oil trade of 
the United Kingdom. The figures given above for the shipments of 
cocoa nut oil from Ceylon are, of course, included : — 


Imports of Cocoa Nut Oil into, Exports from, the United Kingdom, 
and Home Consumption 


Year. 

Imports of 
Cocoa Nut Oil. 

Exports of 
Cocoa Nut Oil. 

Sold for Ilonie 
Consumption. 


Tons. 

Tons. 

Tons. 

1897 

12,137 

3,568 

8,569 

1898 

15,355 

3,350 

12,005 

1899 

22,915 

5,299 

17,616 

1900 

27,637 

7,040 

20 597 

1901 

23,908 

8,138 

15,770 

1902 

24,793 

7,334 

17,459 

1903 

39,132 

11,075 

28, 0.^7 

1904 

30,762 

11,330 

19,432 

1905 

30,658 

12,860 

17,798 

1906 

26,902 

9,152 

17,750 

1907 

23,835 

8,199 

I 15,636 

1908 

37,920 

12,141 

1 25,779 

1909 

33,979 

14,958 

19,021 

1910 

51,996 

21,166 

30,829 

1911 

56,742 

8,704 

48,038 


Imports and exports of cocoa nut oil of Germany for 1911 and 1912 
are given below : — 
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Imports. 


Exports. 

From 

1911. 

1912. 

To 

1911. 

1912. 


Metric 

Metric 


Metric 

Metric 


Tons. 

Tons. 


Tons. 

Tons. 

Belgium 

530 

150 

France 

147 

286 

India . 

(524 

136 

United Kingdom . 

4102 

14,655 




Holland . ... 

1541 

167 




Austria-Hungary 

1007 

1,419 




Sweden . 

431 

444 




Switzerland 

411 

497 



i 

United States of 


- 




America 

372 

373 


Cocoa nut oil is, in our climate, at the ordinary temperature a solid 
white fat. It has a bland taste, and, in its fresh state, the peculiar 
though not unpleasant odour of cocoa nuts. The opinion generally 
accepted up to a short time ago that cocoa nut oil easily turns rancid 
must be now considered as erroneous. This opinion was due to the fact 
that the cocoa nut oils imported, as also the cocoa nut oil made from 
the copra as shipped up to a few years ago, generally contained not 
only free fatty acids but also products of rancidity (following in the 
wake of the formation of free fatty acids), which imparted to the cocoa 
nut oil its peculiar objectionable taste. Even after the free fatty 
acids were removed, some impllrities [no doubt secondary products, 
formed by the action of fungi (cp. Chap. I.), or enzymes on the putre- 
scible matter of the kernels] still remained in the fat, causing it to 
become more or less hydrolysed and subsequently rancid on keeping. 
If the oil is prepared from fresh kernels by boiling (as is done on the 
Malabar coast and to some extent in Ceylon), or even if the oil is pre- 
pared from carefully selected and well-dried copra, the fat undergoes 
very little change, and only shows a slight proportion of free fatty 
acids. Those objectionable products of rancidity, which cannot be 
removed by any practical process of refining, do not appear in a care- 
fully prepared od. It is, therefore, possible at present to prepare 
edible cocoa nut oil which behaves as regards keeping quality like any 
other oil or fa^t. The best edible cocoa nut oils on the market represent 
a practically neutral cocoa nut oil (cp. Chap. XV. “ Vegetable 
Butters ”). 

In the preparation of the best brands of vegetable butters the free 
fatty acids and malodourous substances are removed. Haller arid 
Lassieur ^ isolated a small quantity of an essential oil in which they 
detected methylheptylketone and methylnonylketone. This oil is very 
difficult to remove. In a further communication these observers describe 
the isolation of methylheptylketone, methylnonylketone, methylundecyl- 
ketone, and also d-methylheplylcarhinol and d-methylnonylcarbinol, 
of which the Isevo-isomerides are contained in the oil of rue. An 
undetermined aldehyde was also detected. They attribute the presence 


Compt. rend., 1910, 1013. 
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of these bodies and the corresponding unpleasant smell of rancid cocoa 
nut oil 'to the action of a zymase, or enzyme on the copra. Some 
makers also take out a portion of the liquid glycerides by expression 
in hydraulic presses. In the manufacture of “ cocoa nut stearine ” 
the removal of the liquid glycerides (“ cocoa nut oleine ”) is carried so 
far that 50 to 80 per cent are expressed, according to the desired melt- 
ing-point of the solid product. For the latter the author has proposed 
the name “ Chocolate fat” (cp. Chap. XYL). In the same manner a 
technical “ cocoa nut stearine ” is prepared (from copra oils of ordinary 
quality) which is used in the manufacture of composite candles and 
night-lights (cp. Chap. XVI.). The “ cocoa nut oleine ” is worked 
up for soap. 

The following numbers have been ascertained in the author’s 
laboratory by Clapham, Calderwood, and by the author for commercially 
prepared samples of cocoa nut oleine, cocoa nut stearine (chocolate 
fats) 



[Tabld 




Cp. also Chocolate Fats. 
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The quantity of edible cocoa nut oil (including edible palm kernel 
)il) produced a few years ago in Europe alone, amounted to about 
10,000 'tons per annum, ^ and rose rapidly to 50,000 tons. The re- 
nunerativeness of this manufacture led to an over-production and 
)he flooding of the market with inferior qualities (cp. Chap. XV. 
‘ Vegetable Butter ”). 

Neutral cocoa nut oil dissolves completely in two volumes of absolute 
alcohol at 32° G. {MilUau ^). One volume of cocoa nut oil dissolves 
also in two volumes of 90 per cent alcohol at 60° C. (cp. also Vol. I. 
368). As to the characteristic crystalline form of cocoa nut oil crystals 
under the microscope see “ Butter Fat.” 

Cocoa nut oil resembles palm kernel oil in its chemical composition ; 
like the latter it contains large proportions of trimyristin and trilaiirin, 
smaller quantities of tripalmitin,® tristearin, and triolein, as also the 
glycerides of the volatile acids caproic, caprylic, and capric. It is 
practically free from hydroxy acids'^ (Leivhowiisch)^ and free from 
butyric acid. 

The occurrence of tristearin in recorded here, as a specimen of 
commercial cocoa nut oil examined in the author’s laboratory yielded 
0*99 per cent of stearic acid. 

Ulzer ^ doubted the occurrence of palinitiii in cocoa nut oil, as he 
could not detect any palmitic acid. In view of the fact that Oudemms 
did identify palmitic acid, and of the further fact that the presence of 
stearic acid had been proved by the author, this statement stood in need 
of confirmation. J. J. Reijst ® lately averred that stearin did not occur 
in cocoa nut oil. The statements of Ulzer and Reijst have recently 
been shown to be erroneous by Haller and Youssoujianj^ who have 
proved, in an exhaustive examination of the fatty acids obtained by 
fractionation of the methylesters (Chap. XII.), that both palmitin® 
and stearin occur in cocoa nut oil. These chemists confirm the occur- 
rence of caproic, caprylic, capric, lauric, myristic, palmitic, stearic, and 
oleic acids, all of which have been identified by their methylesters. 
They could not detect butyric acid, the absence of which from cocoa nut 
oil had already been recognised by A. Kirschner and by 0. Jensen (cp. 
below). 

By treatment with hydrogen in the presence of a catalyst until the 
percentage of oleic acid had fallen from 13 to 1, the melting point had 
risen from 25-6 to 44-5° C., whereas the solidifying point had only risen 
from 20*4° to 27*7° C. 

Tolman and Munson obtained, by the lead-salt-ether method, 65*9 
per cent of solid acids ; this agrees with a later statement of Lane,^ who 

^ Lewkowitsch, C(mtoi' Lcd'iaes on Oih and Fats, their Uses and Applications, 1904, 

p. 22. 

2 Compt. rend., 1892 (110), 517. 

* Oudem.ans, Journ. f. prakt. Chem., I860 (81), 375. 

Unpublished experiments. ^ ('hem. Revue, 1899, 203. 

Rec, de^ trav. des chim. des Pays-has, 1906, xxv. 271. * 

’ Compt. rend., 1906 (143), 803. 

^ Confirmed also by K. S. Caldwell and by W. H. Hurtley, Proc. Chem. Soc 

73 . 

2 Journ, Soc. Chem. Ind., 1904, 1104. 



642 GLYOERIDJBS--VEGETABLE FA^ ' cSAr. 

obtained from pocoa nut oil, by treating the lead salts with both cold 
and hot ether, 34*5 and 37*5 per cent of liquid fatty acids respectively. 
Of course the liquid acids must not be taken in this case to represent 
oleic acid, as the iodine value of cocoa nut oil does not allow for so 
high a percentage of this unsaturated acid. Indeed, the proportions of 
the liquid acids were found by Lane to amount to 22-17 and 19-52 per 
cent respectively. It is evident that lead salts of the volatile acids had 
passed into the ethereal solution. 

The amount of total volatile fatty acids found in the author’s labora- 
tory in the examination of a number of cocoa nut oils has been given 
above (Chap. VIII.). Tested by Folenske's method (see below) the 
author obtained, with a number of edible cocoa nut oils, the Reichert- 
Meissl values {ie. soluble volatile acids by Reichert-MeissV s method) 
7-3-7-5, whereas the insoluble volatile acids (for 5 grms.) required from 
16-5-20*5 c.o. of decinormal alkali. (The numbers which Polenske gives 
for the latter, viz. 16-8-17*8, having been derived from too small a 
number of observations must, therefore, be corrected.) Muntz and 
Condon found in four edible cocoa nut oils from 2-26 per cent to 2-70 
per cent of total volatile acids calculated to butyric acid (as determined 
by the French official method, see Vol. I. Chap. VIII.), and from 8-89 
per cent to 10-06 per cent of total insoluble volatile acids (also expressed 
in terms of butyric acid). Since the highest and lowest values for the 
soluble volatile and insoluble volatile acids are not in strict correspond- 
ence, the figures are given in detail in the following table : — 


Ediblo 

Cocoa Nut 

Oil. 

Suliil.lf' Volatile Acids 

In terms of 

Butyric Acid.i 

Insoluble Volatile Acids 
in terms of 

Butyric Acid.l 

No. 

For cent 

For cent. 

1 

2-61 

9-68 

2 

2-49 

10-06 

3 

2*26 

9-76 

4 

2-70 

8-89 


The same edible cocoa nut oils, examined by Muntz and Condones 
method (see below), gave the following figures 


Edible 
Cocoa Nut 
Oil. 

Soluble Volatile Acids 
in teinis of 

Butyric Acid. 

Insoluble Volatile Acids 
in terms of 

Butyric Acid. 

llolation 

Insol. Vol. Acids 
SoirVoh'ATids^^®^- 

No. 

For cent 

Fer cent. 


1 

1-20 

3-01 

260-3 

2 

1-23 

3-38 

274-4 

3 1 

1-15 

3-63 

314-7 

4 

1-27 

3-60 

282-3 


It should, of course, be noticed that these numbers refer only to the 

1 It should be remembered that cocoa nut oil contains no butyric acid. 
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special brands of edible cocoa nut oil exaijoined, and do not apply 
generally to all kinds of cocoa nut oil. 

Segin, who attempted to determine separately the molecular weights 
of the total volatile acids, of the soluble volatile acids, and of the insoluble 
volatile acids, found the following numbers respectively : — 114, 163, 
166. These figures agree, as regards the insoluble volatile acids, with a 
figure which the author has derived as the mean of a number of experi- 
ments, viz. 161. Kirschner could not detect butyric acid amongst the 
volatile acids of cocoa nut oil ; he found that caproic acid is only present 
in small quantities, and that the bulk of these fatty acids consists of 
caprylic acid. 0. Jensen confirms the absence of butyric acid, and gives 
as the numbers of decinormal KOH required for the neutralisation of 
the volatile acids from 5 grms. of a specimen of cocoa nut oil (of the 
acid value 0, Reichert-Meissl value 6-8, and insoluble volatile acid 
number 13'0 by PolensJce's method), the following amounts of alkali, 
for caproic acid 214 c.c., caprylic acid 20-5 c.c., capric 31-2 c.c. It will 
be seen that the statements of the two observers do not agree. 

Paulmyer ^ resolved the fatty acids of cocoa nut oil by fractional 
distillation in a current of steam, into ten equal fractions. The neutral- 
isation values and mean molecular weights of the several fractions were 
determined with the following result : — 



Neutralisa- 

tion 

Value. 

Molecular 

Weight 

1st Fraction 

329-1 

170 

2ii(l ,, 

310-8 

180 ) 

Jlrd 

292-8 

191 [ 

4th 

281-6 

199) 

.^Uh „ 

276 0 

! 203 ) 

6tli ,, 

268-2 1 

1 209 \ 

7tli „ 

261 4 

214 j 

8 th 

245-7 

228 

9 th 

*230 0 

214 

10th 

‘207 6 

270 


CorresiX)iuling to 


f 0-25 

per cent Caproic Acid 


0-25 

j, 

(Caprylic ,, 


[ 9-50 


Capiic 

^ooll'<!i)0'.> 


>» 

Cajiric ,, 

C,oU,oO, 

I'io 


La line ,, 


/'20 

ff 

Launc ,, 

OJ2U11JO2 

(10 

)> 

My ns tic ,, 

t'n 1128^2 

10 

M 

Myristic ,, 

CI4H280,) 


n 

.My ns tic ,, 


1 « 

M 

Falniitic ,, 


f 


Pal nu tic ,, 


ir,.i 

,, 

Oleic ,, 

C18U24O2 


According to this examination the total fatty acids of cocoa nut oil 
would seem to consist of — 


0-25 per cent caproic acid. 


0-25 

„ caprylio 

19-50 

„ caprio 

40-0 

„ laurio 

24-0 

„ myristio 

10-6 

„ palmitic 

6-4 

„ oleic 


1 La Savoniierie inarseillaise, 1907, No. 78. 
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It should, however, be borne in mind that notable quantities of 
caproic and caprylic acids must have been lost, and that the proportion 
. of these two acids must be somewhat higher. It would further appear 
that the amount of oleic acid is too low. 

An investigation carried out by Elsdon, who fractionated the methyl- 
esters prepared by Haller’s method (Vol. 1. p. 665), led to the following 
composition : — 


Caproic acid 

Per cent. 

2 

Caprylic acid . 

9 

Capric acid 

10 

Laurie acid 

45 

Myristic acid . 

20 

Palmitic acid 

7 

Stearic acid 

6 

Oleic acid 

2 


100 

Here again the amount of oleic acid appears to be too low, and the 
stearic acid much too high. 

The proportion of unsaponifiable matter in cocoa nut oil is small. 
The author obtained from a hu ge number of cocoa nut oils amounts of 
unsaponifiable matter, varying from 0T79 per cent to 0*297 per cent.^ 
The phytosteryl acetate prepared from the unsaponifiable matter 
melted at 129*5° C. Siegfeld'^ found in an edible cocoa nut oil 0*17 
per cent of unsaponifiable matter, from which he prejiared a pliytosterol 
which melted, after the sixth crystallisation, at 140*8° to 141*8° C. 
The melting point of the acetate, after the seventh crystallisation, was 
128*3°-129*3° C. From another specimen of cocoa nut oil Siegfeld 
obtained 0*184 per cent of unsaponifiable matter, fi’om which he isolated 
a phytosterol which melted, after the seventh crystallisation, at 140*7°- 
141*7° C. The melting point of the acetate after the seventh crystal- 
lisation was 129°-130° C, 

Konig and Schliickebier ^ found m the fat extracted from cocoa nut 
cake 0*56 per cent of unsaponifiable matter, which consisted almost 
entirely of phytosterol, melting at 137° C. 

H. Matthes and E, Ackermann ^ state (in a j^reliminary communica- 
tion) that the unsaponifiable matter of a specimen of cocoa nut oil 
examined by them consisted of 0*125 per cent of crude phytosterol, 
melting at 135-140° C., and of 0*025 per cent of a liquid substance. The 
acetylated crude phytosterol melting from 126°-128° C. yielded, on 
brominating in a solution of ether and glacial acetic acid, thin crystals 
of a bromide molting from 180° to 183° 0. From the filtrate there were 
obtained after boiling down and recrystallising from alcohol micro- 
crystalline aggregates, melting at 132-135° C. (the melting point of the 
di-bromide of phytosterol acetate from purified cotton seed oil phyto- 
sterol) 

^ With regard to the proteins m cocoa mit oil, cp. Chap. XV. “ Vegetable Butters.” 

^ Zeits, f. (Inters d. Nahrgs- u. Oenusm., 1904, 581. 

3 Ibid,, 1908 (xv.), 642. ^ BerichU, 1908, 2000. 
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^ Malabar oil. * Bengal oil. « Bombay oil. 

In view of the figures given by O. Jensen the correctness of this high, number is open to doubb 
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The “ titer test ” of the fattj acids of cocoa nut oil varies according 
to the amount of washing given to the fatty acids in the course of their 
preparation. Thus a sample of cocoa nut oil, the fatty acids of which 
were washed as described in Vol. 1. Chap. III., had the titer test of 
22° C., whereas by washing with brine, in which the volatile fatty acids 
are less soluble than in water, a titer test of 21° C. was obtained. The 
respective mean molecular weights, calculated from the neutralisation 
values 261’4 and 267-7, were in the same order, 214-6 and 209-5. 

In the valuation of cocoa nut oil for soap-making, due regard must 
therefore be paid to the manner in which the fatty acids are prepared 
for the titer test. 

Cocoa nut oil is used in enormous quantities in the manufacture of 
soaps, made by the boiling process as also by the cold process. It is 
also used extensively as a vegetable butter and as a chocolate fat (see 
Vol. III. Chap. XV.). Its use for batching jute after it has been boiled 
with caustic alkali has been patented.^ 

In the German colonies cocoa nut oil has been proposed as a fuel for 
driving Diesel motors. Cocoa nut oil is also used in the manufacture 
of a sulphonated oil similar to Tux*key red oil. Its use as a solvent for 
ozone has also been patented. 

Cocoa nut oil is not adulterated with other fats, at any rate this 
holds good for the oil imported into England. Nevertheless, if the 
prices are high (as was the case in 1907), the inducement to adulterate 
cocoa nut oil may present itself. Milliau states that cocoa nut oil is 
being adulterated with sesame oil, cotton seed oil, etc. The colour 
reactions which he proposes for their detection are not required, as the 
usual tests, such as saponification value, iodine value, etc., readily reveal 
any adulteration that may have been practised. A method for the 
detection of arachis oil in cocoa nut oil is given by Muniz Paulmyer and 
Rivals} As these methods ofier no advantage over the Renard test 
cp. “ Arachis Oil,” p. 310, the reader must be referred to the original 
publication. Owing to the great similarity of cocoa nut oil to palm 
kernel oil, and the other oils of the cocoa nut oil group, the detection of 
palm kernel oil in cocoa nut oil, and vice versa, is a very difficult problem, 
requiring extended research. Since cocoa nut oil and palm kernel oil 
have nearly the same price, and since the uses they are put to are practic- 
ally identical, the examination of cocoa nut oil fo>admixtui'es with palm 
kernel oil, anci vice versa, is but rarely required. This problem may 
assume importance in the examination of edible fats with a view to 
ascertaining their origin, as the properties of palm kernel oil and cocoa 
nut oil differ somewhat. It should be pointed out that attempts are 
made to impart to edible cocoa nut oil a more desirable consistence by 
adding paraffin wax, or heavy parafiin oil. This addition is easily 
detected by determining the amount of unsaponifiable matter (cp. also 
“Margarine,” Vol. III. Chap. XV,). Arnold^ found recently in an 
edible cocoa nut oil (or palm kernel oil) 3*9 per cent of unsaponifiable 

^ Gerniiin patent 184,786. 

Les Corps gras Indus., 1909, 178. 

^ Zeiis.f. (Inters, d. Nahrgs- u. Uenussm., 1908 (xv.), 280. 
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^matter, which consisted of a viscous, yellow liquid showing in the 
butyro-refractometer at 40° C. 74*4 “ degrees,^’ having the saponification 
value nil, and the iodine value 2*65. For the detection of cocoa nut oil 
in butter, cp. “ Butter Fat.” 

In the present state of our knowledge, it is impossible to detect with 
any degree of accuracy palm kernel oil in admixture with cocoa nut oil. 
Burnett and Revis propose a method based on the temperature at which 
alcoholic solutions of the barium salts of the insoluble volatile fatty 
acids become turbid. They state tliat the turbidity temperatures for 
cocoa nut and palm kernel oils are 52-5° C. and 68*5° C. respectively. 

(i) The fat fi om Cocos acrocomoides, Dr., from Brazil was examined 
by Niederstadt} Its iodine value was 4*8 and the saponification value 
292*8. The exceedingly higli saponification value was probably due to 
the rancid state of the specimen, as its acid value was 131. 

The Reichert- Meissl value of the sample was not determined ; most 
likely it would have approximated that of the other fats belonging to 
the cocoa nut oil group. 


(j) TONKA BUTTER 

This fat is stated to be derived from the tonka bean from Difteryx 
odorata, Willd., Coumarouna excelsa, Aubl., a ti’ee gi’owing in the forests 
of Guyana. The seeds are the tonka-beans of commerce. The tree 
belongs to the Pajdlioname, whereas all the preceding fats of the cocoa 
nut oil group are derived from palms. Nevertheless the fat would also 
appear to belong to the cocoa nut oil group, on account of its high 
saponification value in association with a high Reichert-Meissl value. 

The following characteristics were ascertained by Duyk ^ : — 


8peoific gravity at lOO'^ (!. . . . . 0*888 

Melting point . . . . . . 28° C. 

Saponification value ..... 257 

Reichert-Meissl value . . . . 5*4 

Butyro-rofractometer, “ degrees ” . . 47 

Critical temperature of dissolution . . . ^2*5° C. 


This fat is becoming an article of commercial importance in the 
West Indies, and is said to be used there for flavouring dietetic articles. 

^ Beiichte d. Dnitsch. Phann, Ges., 1902, 144. 

“ lieped. Pharm.y 1908, 193. 
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JAPAN WAX,^ JAPAN TALLOW 

Frencli — Cire du Jafon ; suif vegetal vert. German — Japanwachs, 
Surnmhwachsy Japantalg. Italian — Cera giapponesa. 

For table of characteristics see pp. 652, 653. 

Japan wax is obtained from the berries of several species of the 
sumach tree, viz. — Rhus ^ succedmea, L., R. acuminata, D. C., R. verni- 
cifera, D. C. (known in Japan as JJrushi-noki), R. sylvestris, Sieb. et 
Zucc. The first three species grow chiefly in China, the last named one 
flourishes especially in the western provinces of Japan. R. succedanea 
occurs also in Indo-China (Tonkin, North Annam, Cambodja) and in 
India (Sikkim, Nepal, Butan, and Kashmir). In China, Japan, and 
Tonkin the trees are grown chiefly for the sake of the lacquer they exude. 
The Japan wax is a by-product of the lacquer industry, and is only 
prepared in India and China. 

The following data, due to Rein,^ show the difference between the 
berries of Rhics succedanea and Rhics vernicifera : — 


Ithus succedmea. Rhus vernicifera. 


100 beriies weigh 

8-75 gr. 

12-80 gr. 

The epidermis forms 

5-7 per cent 

4-7 per cent 

The mesocarp „ 

09-3 

42-4 

The endocarp „ 

55-0 

52-9 „ 

Japan tallow (by extraction with 

ether) .... 

24-2 

27-0 


The seed consists of a small kernel surrounded by a greenish, 
striated, shrivelled mass. In China the fatty matter is prepared in 
the same manner as mou4eou (see “ Vegetable Tallow of China,” p. 592). 
From 48 kilos, of seed 5*7 kilos, of the wax (known in China under 
the name T si-la, i.e. wax of Tsi) are obtained. 

The manufacture of Japan wax is carried out in a somewhat crude 
fashion, by storing the berries in straw until they have fully matured, 
then crushingfithem by hand in a wooden, funnel-shaped trough, and 
winnowing them so as to separate the kernels. The powdered mass 
thus obtained is put into hempen sacks, and then subjected to pressure 
in wooden wedge presses. 

With the growing demand for Japan wax the aim has been to increase 
the output ; this is accomplished by mixing the press residue, or even 
the ground berries, with a certain proportion (usually 10 per cent) of 
the kernel oil, haze-kerael oil (haze is the Japanese term for Rhus suo 
cedanea).^ This practice has been on the increase during the last few 

’ Not to be confounded with Japanene beeswax. 

^ The oil from Rhus glabra has been described above, table facing p, 404. 

^ Industries of Japan, 1889, p. 161. 

^ Private communication from Tsujimoto. 
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years ; therefore the discrepancies in the iodine values recorded in the 
table of characteristics are readily explained. The samples analysed by 
EuU and by Lewhomtsch date back some decades. Those commercial ^ 
samples which have higher iodine values undoubtedly contained some 
kernel oil. Since perilla oil has a very high iodine value, it is evident 
that a small quantity only is required to raise the iodine value of a ^ 
commercial specimen. 

The berries yi^d from 16 to 25 per cent of a coarse, greenish, tallow- 
like mass. This is refined by remelting, pressing through cotton 
sacks, and allowing the fat to drop into cold water. The thin flakes of 
wax are then bleached by exposure to the sun in shallow baskets (in a 
similar manner as is done in the process of bleaching beeswax), the 
■f material being frequently turned over, and sprinkled with water. Finally 
the wax is melted and cast into slabs. In this form (termed in Japan 
Ki-yu) it is exported to Europe.^ 

The chief market for Japan wax is Kobe. In this town and in 
Osaka the three most important refineries are situated. It is stated 
that an average harvest yields about 2400 tons of crude wax. Older 
statistics, of the years 1900, 1901, 1902 give the quantities of Japan wax 
exported as 222, 240, 262 tons respectively. According to the latest 
statistical data of the Japanese Government the following quantities 
were exported in the years 1905, 1906, and 1912 : — 



1 

Total. 

Expo its to 

War. 

Quantity. 

Km. 

Valuu 

Yen. 

1 

Ilongkonj? | 
Km. 

EiikIhikJ. 

Km 

(jormany 

Km. 

1 

Am Plica. 
Kill 

Manila. 

Km. 

1905 . 

3,1.58,188 

804,299 

838,430 

365,301 

471,970 

691,555 

56,343 

1906 . 

3,913,626 

1,092,447 

917,6.51 

1 496,692 

797,141 

812,218 

118,667 

1912 . 

5,238,627 

1,142,623 

327,121 

986,484 

990,137 

1,532,596 

95,333 


(1 kiiiH:600 {fniis. ; 1 yen = 2s. O^d.) 

It is hardly to be expected that the production of Jamn wax can be 
largely extended, for it takes seven to eight years for rlie wax tree to 
teach maturity, and if the tree promises to be a fruitful source of lacquer, 
this leads to its sacrifice as a source of wax. 

The exported Japan wax is a pale yellow, hard substance, of con- 
choidal, somewhat lustrous fracture. It has a wax-like consistence, 
and can be easily kneaded between the fingers. Its odour recalls that 
of tallow and beeswax. 

On keeping, Japan wax turns deep yellow, and becomes coated with 
• a white powder consisting of microscopical prismatic needles. Under 
the microscope Japan wax exhibits a crystalline structure. 

^ In Europe it is sometimes termed ''Tertm" (cp. “Prima" ami “Secunda” 
“Vegetable Tallow of China”). 




[■rcictive Tudex in But\ ro-refi actomelei , obseived at 54° C and calculated to 40^" C. : — 47 6-49 7 “decrees” ^Berg, Chem. ,1903, 
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Physical and Chemical Charactemtks of the Insohble Fatty Acids 


Insoluble Acids 
-f UiiBaponitlalilo. 

Specific Gravity 

Sulidihiiig Point 

Molting I'oiiit. 

Mean Mol. Woiglit. 

Per 

cent. 


At <).S“-09‘ C. 








Observer. 

(Water 

OljM'ner 

■ 0 . 

()bsci\ei 

c 

ObM'i \ cf 


Obserxor 


l.Oo-l.) 








89-8 

Lewko- 

0-848 

Allen 

:>:3-U-.a) 5 

Allen 






witsch 





fjO-d-j 

ITiel- 

2 ,') 7 6 

Harri.s - 

90-62- 

Geitel and 






liai'dt 

‘262- 

(Icitel 

90-66 

van (lor 



Titc 

'Icsl 



263 

and 


Want 





51-56 

r,u 13 ' 


vail dcr 










Want 





.58-8-59 1 

Li'wlvo- 









! 

witsidi 






The numbers for the specific gravity recorded in the table vary 
considerably ; this is no doubt due to the samples having been derived 
from different sources. 

Kleinstuclc^ determined the specific gravity of several samples of 
Japan wax at different temperatures, and states that its density is 
equal to that of water at 16°-18° 0. ; below 16° C. it is heavier, and 
above 18° C. lighter than water. Japan wax which has been freshly 
melted has a higher specific gravity than the normal one, the density 
only becoming normal after keeping for some time. This phenomenon 
is due to the coefficient of expansion of Japan wax being higher than 
that of water, as is sliown in the following table due to Kkinstiick : — 


Specific Gravity of Japan Wax compared with that of Water 


Temperature 

'C. 

1 1 

•Tapan Wax. | 

Wall r 

• 

Kept for some 
time. 

l'le^llly 

melted 

4 



1 -00000 

6-6 


1 00237 

0-9999.5 

7-2 

1-00737 


0-99991 

17-0 


0-99123 

0 90884 

17-5 

0-9984fi 


0 99875 1 

23-0 


0 98747 

0 !'9762 ! 

26-5 

0 9861,5 

0-98683 

0-99674 1 

1 1 


' Samples, Chemist and Druggist, 1905, 34. 

^ Determined m the autlior’s lahoratory , the fatty aeids had been previously freed 
from iinsaponitiable matter. This specimen of Japan wax contained IT per cent of 
unsaponifiable matter. 

^ Journ. Sac. Ctiem. hid., 1890, 1072. 
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The melting points recorded in the table vary considerably. 
Rouher's ^ statement that Japan wax has two melting points, inasmuch 
as a specimen of the normal melting point melted at 42° C. immediately 
after solidification, is due to the phenomenon described in Chap. 1. 
Eherhardt also found that a specimen of the melting point 53° C. melted 
at 48°-49° C. after rapid cooling. 

Japan wax is insoluble in cold alcohol, but dissolves readily in 
boiling alcohol, separating on cooling almost completely as a granular, 
crystalline mass. Like all other fats it dissolves easily in ether, benzene, 
and petroleum ether. The following amounts of unsaponifiable matter 
were found 

Observer. 

Allen and Thomson 
Harris ^ 

Geitel and v. dor Want 
Matthes and Heintz 

In a 10 per cent chloroform solution Japan wax proved to be optically 
inactive.^ 

Japan wax consists chiefly of palmitin and free palmitic acid. 
Besides these constituents, it also contains small quantities of dibasic 
acids (see Vol. I. Chap. III.) and of soluble acids. ^ Geitel a 7 id v. der 
Want found 4.66-5*96 per cent of soluble acids. Stearic and arachidic 
acids, previously stated to occur in Japan wax, could not bo detected 
by Geitd and v. der Want, On distilling the insoluble Japan wax fatty 
acids, first under a pressure of 15 mm. up to 260° C., to remove the bulk 
of palmitic acid, then purifying the residue by crystallising it from 76 
per cent alcohol and fractionating the recrystallised product in the 
vacuum of the cathode light, the remainder of the palmitic acid distils 
over at 136°-180° C. The higher fractions obtained subsequently were 
found to consist chiefly of japanic acid, which was accompanied by 
smaller quantities of its lower homologues, Ci 9 H 3 g 04 and CgoHggO^. 
These acids were identified by the composition of the hydrocarbons 
obtained from them (see Vol. I. Chap. III.). 1000 grms. of Japan wax 
yielded about 6-7 grms. of mixed dibasic acids.^ The dibasic acids 
very likely occur as mixed glycerides (Geitel) ; as an example may be 
given the form\ila of the mixed glyceride that would bo formed by the 
combination of japanic and palmitic acids with glycerol : — 

C H 

C,eH3,0.0/'^^^" 

By using Haller^ s method of “ methanolysis,” Tassilly isolated 

^ Juurn. de Pharm.^ 1872 (4), 16, 20. 

^ Determined in the author’s laboratory. 

^ Chem. Zeit., 1906, 711. 

Engelhardt expressed the opinion that the soluble acids consist in the main of 
isobutyric acid ; this stands, however, in need of confirmation. 

® Hchaal, Beridite, 1907, 4786. 


Unsaponifiable. 
Per cent. 

114 

M 

1-48.D63 

0-68 
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pelargonic acid and an acid of the suggested formula Traces 

of stearic and oleic acid were also detected. 

An exhaustive examination by Matthes and Heintz^ showed that 
the unsaponifiable matter contained besides a phytosterol, melting at 
139° C. (having [ajp = - 22 - 11 ° and absorbing 61-81 per cent of iodine), 
ceryl alcohol, melissyl (myricyl) alcohol, a saturated alcohol, melting 
at 65° C. (probably a liquid portion, which on fractionation 

in vacuo gave the results collated in the following table — 


Fraction. 

liolling at 15 


1 

Iodine • 
Value. 


Phytosterol 

mm. pressure. 
“ 0 . 

Consistence. 

Colour 

Reaction. 

1 

100-130 

Mobile, colourless oil 

23-82 

1-4326 

Positive 

2 

130-186 

Viscous, almost colourless 

34-44 

1-4461 

Positive 



' oil 




3 

186-285 

Semisolid 1 



Positive 

4 

286-300 

1 Viscous, yellowish brown 

61-81 

1-4696 

Positive 



! oil 




5 

300-315 

Viscous, })rown oil, partly 

146-4 1 

1-4966 




' decomposed 

. J 




Fraction 3 yielded on crystalhsation from petroleum ether a crystal- 
line acohol melting at 65° C., which no longer exhibited the phytosterol 
colour reaction, and gave an acetate melting at 41° C. The acohol is 
saturated, and yields proportions of carbon and hydrogen corresponding 
best to the formula, CJ 9 H 40 O 2 . (The uneven number of carbon atoms 
would, however, suggest the formula C 20 H 42 O.) The oily substance 
which remained dissolved in the petroleum ether solution had iodine 
value 44-66 and - 1-4677. 

The amounts of free fatty acids in commercial samples vary con- 
siderably, as is shown in the following table : — 


Free Fatty Ackln, 
I’er cent. 

9-13 

3-87 

8- 96 

9- 03 
12-72 

9-40 

10-9-16-4 


Observer. 

Hubl 

Nordlinger 

Alien 

»» » 


Harri.s 2 

Gcitol and v. dor Want 


Commercial Japan wax contains from 0-02 to 0-08 per cent of ash. 

Japan wax is readily distinguished from true waxes by its saponifica- 
tion value, and by its yielding glycerol on saponification ; hence the 
name Japan tallow would appear to be preferable. Its detection in 
beeswax will be described under “ Beeswax.” 

Adulteration of Japan wax with other fats is easily detected. The 


^ Archiv der Pkarm., 1909 (247), 650. 

2 DptorminHil in thn author's laboratory. 



656 


GLYCERIDES— VEGETABLE FATS 


CHAP. 


presence of tallow will be indicated by a low melting point and a high 
iodine absorption of the ample. 

Commercial Japan wax is frequently adulterated with from 15 to 30 
per cent of water.^ La Wall ^ found in a number of commercial samples 
starch to the extent of 20-25 per cent. On treating the adulterated 
wax with a solvent (Vol. I.) the fat only is dissolved. A rapid method 
to detect starch qualitatively is to moisten a freshly cut surface with 
iodine solution. 

Japan wax is largely used for waxing floors, and as a constituent of 
polishes. Like beeswax and other animal waxes it forms an emulsion 
with water, and is therefore used for currying leather.® The difflculties 
which Japan wax fatty acids ofler to their application as candle material 
have not yet been overcome. 


MYKTLE WAX, LAUREL WAX, BAYBERRY TALLOW 

French — Cire de Myrica. German — Myrtemmchs, Myricawach. 

Italian — Cera mirica. 

For table of characteristics see p. 658. 

Myrtle wax is obtained from the berries of various species of Myrica. 
In North America, where the ]\Iyrica shrubs are common along the 
Atlantic sea-coast, the myrtle wax is obtained from Myrica cerifera, L., 
and Myrica carolinensis, Willd. In South America, notably in New 
Granada and Venezuela, it is obtained from Myrica arguta, Kunth, and 
Myrica caracassa^m, Ilumb., BonpL, et K., and in South Africa (Capo 
Colony from M. quercifolia, L., M. cordifolia^ L., M. laciniata, Willd., 
and M. serrata, Lam. In Abyssinia myrtle wax is obtained from M. 
ethiopica, L. 

The wax from the fruits of the Mexican plant Myrica jalapensis 
(“ arbol de la cera ”), occurring in dense thickets covering considerable 
areas in Vera Cruz (from Jalapa to Tulancingo and Hausteca), is 
collected by Indians and marketed in Mexico City, where it is used for 
candle-making. 

The myrioa fruits are of the size of a pea, and are covered with a 
snow-white crust of fat, which is permeated with brown or black spots. 

The method of preparing the wax is a very primitive one, and consists 
in boiling the berries in water, when the melted fat rises to the top. 
This is skimmed off, poured into shallow vessels, and crudely purified by 
remelting over water. One shrub furnishes 10-15 kilos, of berries, 
yielding on a practical scale about 20 per cent of myrtle wax. The 

^ Wimiiie], Zeit. d. bst. Apolhekerrercina, 1867, v. .8.00. 

2 Joum. Soc. Ghem.. hd., 1897, 247. ^ I 4 _ 

** In the Bull. Imp. ItisL, 1906, .301, the btatement was made that no proper 
organisation exists as yet for colleoting the myrtle hemes in Cape Colony. Since 
then the Cape Government has leased the Ciown lands on which the hen’ies used to be 
collected. The result has not, however, so far been satisfactory, and the quantities 
exported have decreased. 
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commercial myrtle wax has a green colour (due to chlorophyll ?) ; on 
exposure to the air the uppermost layers ar^ bleached to a whitish mass. 

Smith and Wade ^ confirmed Chittenden and Smith's ^ earlier state- 
ment that the myrtle wax fatty acids consist chiefly of palmitic acid. 
By recrystallising myrtle wax four times from petroleum ether, Smith 
and Wade obtained pure palmitin of the melting pomt 62-5‘' C., saponifi- 
cation value 209-4, and refractive index 1-4380 at 80° C. They further 
showed that by following Hehner and MUcheU's method no stearic acid 
was obtained. Judging from the low iodine value, only small propor- 
tions of olein can be present. 

Smith and Wade observed notable changes in the melting point ; 
^ in the course of four months there occurred a rise of 4-45° C. in the 
melting point. This phenomeifon may bo explained by the freshly 
melted palmitin having been converted, on standing, into its crystalline 
form (cp. Chap. L). 

The acid values of two specimens of myrtle wax examined by Deering 
were 3 and 4-4. The acid value of the specimen examined in the author’s 
laboratory was 3-6. The amount of unsaponiliable matter found by 
Cocking ^ was 2-51 per cent. 

Myrtle wax worked up by itself does not yield useful candles ; it can, 
however, be employed in a proportion of 20-25 per cimt as an addition 
to other candle material. In the United States “ beeswax ” caudles 
•are made which contain a notable amount of myrtle wax. Myrth; wax 
should prove useful in the manufacture of soap. In this connection it 
may be mentioned that Cheureid first prepared myrtle wax soaj) on a 
laboratory scale. 

' Journ. Amer. Chan. Soc , 190)}, 629. 

“ Amer. Chem Journ., 1884 (6), 217 ; Bull. Imp. fn\/., 100(5, 

•’ Chan iM and Druggist, 1008, 74. 
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Dika Fat Group 

(a) DIKA PAT, DIKA BUTTER, DIKA OIL, OBA OIL, WILD MANGO OIL 

French — Beurre de dika (etc.), German — Dikafeil. 

Italian — Sega di dika. 

For table of characteristics see p. 660.^ 

Dika fat is obtained from the seed-kernels of various kinds of Irvingia 
(/. gabonensiSy Aubry-Lecomte ; I. Barteriy Hook. fil.). (Baill.) Also 
Mangifera gabonensis is recorded in the literature as a tree yielding dika 
fat, but it appears that Mangifera gabonensis is identical with Irvingia 
gabonensis. These trees, belonging to the Irvingia family, are indigenous 
to the West Coast of Africa, from Sierra Leone to Gaboon. They are 
termed by the natives “ udika,” “ dika,” “ dita,” and “ oba.” The 
fruits are known in Gaboon as “ iba.” 

The natives remove the shell, grind the kernels in their fresh state 
with a little water, pepper, and salt, and work them up into cakes. 
These cakes form a staple article of food amongst the natives ; they are 
known under the name “ dika bread,” ^ “ dika chocolate,” or “ gaboon 
chocolate.” 

Another way of preserving the kernels is to crack the nuts and dry 
the kernels, which split readily into halves, in the sun. These sun-dried 
kernels can be kept for a long time without undergoing deterioration. 

By boiling the kernels with water and skimming off the oily layer 
the natives obtain tiieir dika butter. 

The author ^ examined a considerable quantity of both nuts and 
sun-dried kernels. The seeds were stated to be those of Irvingia Barteriy 
Hooker, and were sent from South Nigeria to the Imperial Institute. 
The nuts were in so advanced a state of mouldincss that it was useless 
to extract the fat from them. Sound nuts are stated to yield from 18 
to 20 per cent of kernels. 

The sun-dried kernels contained 54-3 per cent of fat. This fat was 
in a comparatively fresh state, as the percentage of freS fatty acids 
amounted to 3*35 per cent only. 

The numbers found in the examination of this sample (I.) are collated 
with those of two other samples (II. and III.),^ which contained respec- 
tively 6*3 and 0-9 per cent of free fatty acids. The kernels used for the 
preparation of fats II. and III. yielded respectively 60-1 and 66-3 per 
cent of fat. 

1 An examination and illustration of “dika bread” is published by Dr. E. Heckel, 
2® MMoire ties A 7 inaks du Musk ei de Vlnstitut colonial de Maiseille ; cp. also Bull. 
Imp. InsL, 1904 (iv.), No. 1. A “dika bread ” is also prepared from the roasted seeds 
by mixing them with tliose of Fegimavra ({fncava, Pierre, and of Pentaclcthra macro- 
phylla, Benth. (see “Owala Oil,” p. 242). Drabble, QuarL Journ. hist. Comm. Research 
in the' Tropicsy 1908, 20. ^ Analysty 1905, 394. 

^ Bull. Imp, Inst., 1909, 373. 
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No stearic acid could be detected (Lewhowitsch). ^ 

The iodine value is much lower than the one given by Dietench 
— viz. 30-9-31 *3. Since Dietericli also records a low melting point— 
viz. 29° — he evidently did not have genuine dika fat in his hands. The 
iodine number found by the author is in good agreement with 
Oudemans' ^ statement that dika fat consists of laurin and myristin only, 
to the exclusion of olein. It should, however, be mentioned that the 
absence of olein was only inferred by him from the fact that no ether- 
soluble calcium salt could be obtained. Heckd confirmed Owlemans 
in that ho could not obtain an ether soluble lead salt ; but, of course, 
this cannot be taken as proof for the absence of oleic acid. 

The absence of stearic acid, the low mean molecular weight of the 
total fatty acids, and tlie somewhat large quantity of insoluble volatile 
acids obtained in the Reichert-Wollny test, confirm in the main the com- 
position given by Oudemans. A small proportion of oleine must, how- 
ever, be allowed. Since Oudemans showed by careful examination that 
palmitic acid is absent, the fat may be taken as consisting of myristin, 
laurin, and a few per cent of olein. 

Dika fat has not yet been prepared on a manufacturing scale, the 
difficulty of importing the sun-dried kernels being still gi'eater than 
that of importing palm kernels. The fat would be useful for the soap 
and candle industries, and might also prove suitable for edible purposes. 
Indeed, Sachs ^ states that it is used as a “ chocolate fat.’’ 


(h) TANGKALLAK FAT, TANGKALLAH FAT 

French— /S’u?/ dc Tangkallak. Qevmm—TangkaUakfelt. 

Italian — Burro di tangkallak. 

For table of characteristics see p, 663. 

This fat is obtained from the fruits of Fjepidadenia Wightiana, Nees, 
Bl. (Cylicodaphne sebifera, Cijlicodaphne Litsm, Bl., Tetranthera calo- 
phylla, Miquel, T. laurifolia, Jacq., Litsesa sebifera, Pers., Sebifera 
glutinosa, Lour.), a tree indigenous to Western Java, anti at present 
common in Indo-China. It is also found in Reunion under the name 
bois dJoiseau. 

The statements occurring in the literature regarding the chemistry 
of tangkallak fat are conflicting, and it would therefore appear that 
the several observers who have published notes on this fat, examined 
specimens from different species of plants. Yan Gorkom ^ stated that 
the fat consists of 15 per cent of olein and 85 per cent of laurin. This 
was confirmed by Oudemans.^ Later Greshoff^ found in tlie fleshy 

^ Journ.f. prakt. Ohem., 81, 356. 

Chnn. Revue, 1908, 9. 

3 JVat. Tijdsehr. Ned. Ind., 1858 (xviii.), 410. 

^ Zeitschr.f. Chem., 1867, 256. 


® Teysimnnia, 1890 (1), 127. 
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part of the fruit of a Cylicodaphm 36*5 per cent of a fat, melting at 
37° C., and in the seeds 62 per cent of a fat of the melting point 44° C. 
Sack} by extracting the seeds with ether, found 47*3 per cent of a fat 
which yielded by repeated crystallisation from alcohol a glyceride 
melting at 45° C. This was judged by Sack to be pure trilaurin. From 
the data given by him, the author calculates the iodine value of the fat 
to be 11’54, which agrees fairly with his statement that tangkallak fat 
contains 13-4 per cent of triolein. The remaining 86-6 per cent is con- 
sidered by Sack to be trilaurin. 

Eecently Schroeder^ examined the fat from genuine seeds of the 
tangkallak tree obtained from Buitenzorg (Java). The seeds yielded 
61 per cent of fat on extraction with petroleum ether. The numbers 
obtained by ScJiroeder are collated in the table of characteristics with 
those of Sack (see p. 663). The iodine values speak against the identity 
of the two specimens examined by Sack and by ScJiroeder. The amount 
of insoluble fatty acids + unsaponifiable was found by ScJiroeder, as the 
mean of three determinations, to be 76-1 per cent, which points to the 
fact that large quantities of lauric acid had been washed away. The 
amount of unsaponifiable matter was 1*44 per cent. The Reichert- 
Meissl value of 1*47 would appear to be due to small quantities of 
volatile fatty acids, lower than lauric acid, inasmuch as the saponifica- 
tion value of the fat ascertained by ScJiroeder — 268'2 — is higher than the 
saponification value of laurin. The fat would, therefore, appear to 
consist of practically pure laurin. Besides lauric acid, ScJiroeder found 
small quantities of a liquid fatty acid which had the iodine value 68*65 ; 
most likely this was oleic acid, holding in solution some lauric acid. 
According to ScJiroeder, tangkallak fat consists of 96*4 per cent of 
laurin and 2*6 per cent of olein. 

The specimen examined by ScJiroeder had the acid value 3*35. The 
fat dissolved in 15 p^trts of absolute alcohol at 20° C. 

Tangkallak fat is used in Java for the manufacture of candles. One 
tree is stated to provide annually sufficient material for the production 
of 500 candles. 

De ladisi'he Merenur, 1903, 28th A}»ril ; Pharm. Wcekblad, 1903, 4. 

2 Arch. (/. Phami., 1905 (243), 631. 


I Table 



XIV 


TANGKALLAK FATS 


663 



!.riolein given by Sack, * By means ol 
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weighed 360 grms., and yielded 78*14 per cent of shells and 21*86 per 
cent of kernels. The latter were dry, had a pleavSant taste, were free 
from rancidity and yielded, on extraction with petroleum ether, 60*45 
per cent of an almost white fat of pleasant taste (after purification). 
The Cambodja fats, although over two years old, were only slightly 
rancid. 

The extracted fat, as also the native fats, had the consistence of 
beeswax ; in contradistinction to this substance they had a crystalline 
structure, and hence were more friable than beeswax. The following 
numbers were determined in these fats by Bontoux 


Fat — 

Melting point, C. 

Solidifying point, °C. . 

Saponification value . . ^ . 

Iodine value . . , 

Acid value . 

Fattif Acids — 

Fatty acids + un9aponifial)le, jter cent 
Solidifying point (titer test), 0, 
Neutralisation value 
Mean molecular weight 


Fat extracted 

Naliio Preparations 

in the 

- 


Ij.iboratoiy. 



\o. 1. 

No. ‘j. 

;j97 

38-2 

38-4 

31 

31-2 

31-8 

235 -0-23.6 -6 

236-3 

237-4 

6-7'6-8 

4-1-4-2 

4-9-5‘l 

0*89 

23-5 

1 

34*9 

91-0 

! 93-4 

93-2 

30 6 

i 

36-4 

253 0 


2.50-2 

222 


i 224 


By converting the glycerides into methylesters, and fractionating 
the latter at a pressure of 25 mm., Bontoux ascertained that cay-c4y 
fat consists of about 5 per cent of olein, 30-35 per cent of laurin, and 
65-60 per cent of myi’istin.^ 

The best qualities of C4y Cay served formerly as an edible fat in 
place of butter, and cakes of such butter used to be largely sold in the 
markets of Saigon and Cambodja. At present hardly any edible fat is 
prepared, most of the product being made into candles for local use, 
as described above. The crude fat for this purpose is sold under the 
name of Cay Cay wax. The importation of paraffin oil into Indo-China 
has, however/ considerably reduced the demand for candles, and the 
output of Cay Cay fat has consequently greatly decreased. 


(c) KUSU OIL 2 

French — Huile de Kusu. Geimm—KusuoL 
Italian — Olio di Kusu. 

Kusu oil is contained in the fruit of the camphor-yielding tree 
Cinnamomum Camphora, Nees (Lauracece). The seeds are about 0;6 

^ Les MatQres grasses, 1908, 1277. 

2 Tsujimoto, Journ. Coll. Eng., Tokyo, Imp. Univ., 1908, 86, 
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cm. in diameter, and weigh on an average 0*1 grm. They contain 
6‘78 per cent of moisture, 42-4: per cent of fat, and 2-1 per cent of ash. 
The’fat which was prepared in the laboratory by powdering and pressing 
the seeds at a somewhat elevated temperature forms a white crystalline 
mass, having a slight aromatic odour which recalls that of cocoa nut oil. 
yhe following characteristics were ascertained : — 

Specific gravity at 2.5° C. 

Specific gravity at 100° C. 

Melting point, ° C. 

Saponification value . 

Iodine value . 

Roichcrt-Mcissl value . 

Refractive index at 2.5° C 

The acid value of the sample was 4-70. 

Tlie amount of insoluble acids + unsaponifiablc found was 81-8 per 
cent ; altlioiigli 2 litres of water wci'c used for 3 to 4 grins., the wash 
water still contained soluble acids. The mixed acids used in the 
determination of the following numbers were obtained by washing 
with a 10 per cent solution of common salt : — 

Folly Acids 


Specific gravity at 100° C. . 0-8412 

Melting point, ° C. . 21 

Neutralisation value . . 292-8 

Mean molecular weight . . 191-6 

Iodine value ... .5-1 


From the foregoing numbers it may be concluded that the chief 
constituent of the oil is laurin. The fat would thus resemble cocoa 
nut oil and its congeners, but differs notably from them by its low 
Reichert value. The fat seems to be more nearly related to dika fat, 
tangkallak fat, and Irvingia butter, all of which are characterised by 
high proportions of laurin. 

Lesser Known Vegetable Fats, sec table opposite. 


0-9207 

0-8760 

22-8 

283*8 

4*5 

0- 53 

1- 4517 


2. Animal Fats 

The fats described under this head vary in their hardness, like the 
vegetable fats, in inverse proportion to the amount of unsaturated 
.fatty acids they contain, or, in other word.?, to the amount of iodine 
they absorb. Butter fat, in a similar fashion as the fats of the cocoa 
nut oil group, occupies an exceptional position owing to its high pro- 
portion of glycerides of volatile acids. In a system based on similarity 
■of chemical cojnposition butter fat would be classed with the cocoa nut 
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oils, but it is more convenient to retain the subdivision into vegetable 
and animal fats, inasmuch as these two classes can be differentiated 
readily by the phytosteryl acetate test. 

The unsaturated fatty acids of the animal fats were until recently 
considered to consist of oleic acid only, and this was thought to con- 
stitute an important natural difference between vegetable and animal 
fats. It has, however, been shown that some animal fats contain less 
saturated* fatty acids than oleic acid. Indeed, the presence of linolic 
acid has been proved in the case of lard (Fahrion) and hare fat {Kur- 
batoff), by identifying amo^igst the oxidation products of the liquid 
fatty acids sativic acid, and, in the case of lard, by the isolation 
of linolic tetrabromide (Farnsteiner). Furthermore, Farnsteiner has 
shown that even small quantities of linolenic acid occur in lard and 
tallow (for a probable explanation see below). From icebear fat 9*3 
per cent of fatty acids were isolated, the iodine value of which reached 
as high a figure as 214*4. 

We are, therefore, in a position to discriminate between drying, 
semi-drying, and non-drying fats, similarly as in the case of vegetable 
oils and fats, and also to establish among the animal oils and fats all 
gradations from fish and liver oils down to the hardest fats, containing 
very small proportions of glycerides of unsaturated fatty acids. Whilst 
the marine animal oils simulate the drying oils, we have a certain class 
of animal fats, represented by icebear fat, blackcock fat, hare fat, wild 
duck fat, which may be likened to semi -drying oils. Reasoning by 
analogy, we must ascribe these drying properties to the occurrence of 
fatty acids, which are less saturated than oleic acid. 

The presence of highly unsaturated fatty acids in icebear fat 
suggests the inference that the nature of the food has great influence on 
the chemical composition of the body-fat. On this assumption VoiCs 
opinion that each animal is characterised by a specific kind of fat is no 
longer tenable. Although this ([uestion would appear to belong to 
the domain of physiology, its discussion is germane to our subject, 
inasmuch as this is a matter of the greatest importance to the analyst 
who has obtained abnormal numbers in the examination of a lard or 
butter fat. 

It is well known that if large quantities of one particular fat are 
given with the food, such fat is liable to pass into the body-fat of the 
animal. Thus it has been shown that the fat from dogs who were 
given considerable quantities of linseed oil in their food had acquired 
the peculiar odour of linseed oil, and exhibited distinct drying properties; 
again, after feeding dogs with rape oil the presence of erucic acid in the 
fat could be proved {Radziejewski), Munk has then shown that in 
dogs that had been kept on starvation rations, subsequent feeding with 
mutton tallow produced a deposition in the body of a fat very similar 
to mutton tallow.^ Rosenfeld states that geese fed on potatoes yield a 
fat with a melting point higher than the normal one, and cites this in 
support of his view that fat synthesised from carbohydrates is com- 
paratively rich in the glycerides of the saturated acids. It has further 
’ Cp. Rosenfeld, Ergebnissed. Physiologies 1901 (i.), 673. 
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been ascertained that hogs fed on dried fish yielded lard of a disagree- 
able fishy taste ; moreover, such lard was less hard tliaii that from 
normally fed hogs. During the last decade or two the practice of 
feeding the hogs (in America) on maize has produced much “ softer ” 
lards than were previously obtained, a fact which must undoubtedly be 
ascribed to the influence of maize oil. It has also been observed that 
tallow from cattle fed on oil cakes^is softer, i.e. richer in olein, than 
tallow from cattle fed on grass (South American tallow. New Zealand 
.tallow), and further that lard from hogs fed on copra showed iodine 
values ranging from 32*5 to 42-5. 

Not only does the kind of food influence the character of the hody- 
fat, but, as a general rule, the fat given m the food seems also to pass 
into the milk-fat} Thus Baumert and Falkef" have shown that on 
feeding cows with oil-cake obtained from sesame seed, almonds, and 
cocoa nut kernels, there were obtained butter fats which showed so 
remarkable a decrease in their proportions of volatile fatty acids 
(Reichert- Meissl values) that without further investigation the butter 
fats would have been declared adulterated, inasmuch as the analytical 
characteristics were those of a mixture of genuine butter fat with very 
considerable amounts of foreign fats (cp. also “ Human Fat,” }). 686). 
Similarly Gogitidse ^ showed that the milk-fat from goats fed liberally 
with linseed oil had the characteristics of a butter- fat mixed with 
33 per cent of linseed oil. The above-mentioned occurrence of 
linolenic acid in lard and tallow must therefore be ascribinl to the 
influence of the food on the body-fat (cp. also “ Lard,” p. 698 ; “ Butter 
Fat,” p. 824). In order to further illustrate the influence of the fat 
given with the food, I collate some isolated observations on the fats 
from certain wild animals, and contrast them with the fats from the 
same species in a domesticated state. 


Fat from 

Iodine Viiliie. 

Rabbit, wild 

lOM 

,, tame 

64-4 

Goose, wild . 

99-0 

„ wild, iiold in captivjly 2 years 

67-0 

„ domestic 

67-6 

Duck, wild . ... 

84*0 

„ domestic 

. f 58-5 

Hog, wild .... 

70-6 

„ domestic 

6G 

Cat, wild ..... 

57-8 

,, domestic .... 

54-3 


In the case of wild goose and wild duck, the feeding on fish 
satisfactorily explains the high iodine values. 

As a corollary to the foregoing ob.scrvations, it may be added 

1 Cp. Zuntz and Us, son, Cliem. (JentrcdbL, 1900, 382 ; Eiiiecke, MitL d, Landiv, 
ImL, 1903, 559. 

2 Zeits. /. Unfers. d. Nahrtjs- u, Oenusm,, 1898 (i.), 665, For similar experiments 
and results obtained by feeding with nee meal, see ib., 1908, xv. 33. 

® Zeitschr.f. Biolog., 1904 (45), 353. 
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that the fat from a chicken fed on milk approximated to the composi- 
tion of butter fat (high saponification value), although it did not yield 
a larger amount of volatile fatty acids than ordinary chicken fat 
{Zaitschek)} Experiments made by Weiser and Zaitsckelc^ on geese 
fed with maize showed, however, that the body-fat was not altered,® 
probably because the food was poor as regards content of fat. As a 
further rule it may be stated thatH;he amount of liquid (unsaturated) 
fatty acids decreases as the position of the fat approaches the warmest 
parts of the body.^ » 

Bomer ^ puts forward the opinion that it is not the fats themselves 
(that are given with the food) which pass into the body-fat or milk- 
fat, but rather the fatty acids. This would, of course, mean that the 
fats are hydrolysed first, that tlie fatty acids pass through the tissues, 
and that the fatty acids find glycerol there (either newly formed or 
derived from hydrolysed fat), which has also passed through the tissues 
ready to perform the synthesis of fats. Some slight support for this 
opinion may be found in the experiments of Poilevin, as also of Twit- 
chell (Vol, I. Chap, IL). Bomer thinks that a strong argument in favour 
of his views (that the fatty acids and not the glycerides themselves 
pass into the body-fat) is offered by the fact that phytosterol given 
with the food does not pass into the body-fat. 

The view that fats arc hydrolysed to glycerol and fatty acids in the 
first stage of the digestive process is put forward on the strength of 
physiological experiments by Levites.^ 

Noll ’ deduces from micro-chemical examinations the fact that the 
fat in the epithelial cells has the same composition as that of a child, 
and that the fat in these cells is absorbed as glycerides.® 

In view of the change animal fats undergo in consequence of the 
change of food, it became of great importance to investigate whether 
phjdosterol, if supplied together with a vegetable fat in the food, passes 
into the body-fat, and may therefore occur in such body-fat side by side 
with cholesterol. This possibility, under certain conditions, was not 
excluded, since the colouring matter contained in cotton seed and 
cotton seed oil passes into the body-fat of hogs, and into the milk-fat 
of cattle fed on cotton seed cake. 

Since all fodders given to domestic animal^ contain phytoste^:ol, 
and yet all animal oils and fats examined hitherto have been proved 

‘ rjiUgers Arch., 1903 (98), 614. 

2 Hid., 1902, 128. 

^ Ibid., 1902 (93), 128. Cp. also Paraschtsclmk, Chein. CentralbL, 1903 (i.), 731 ; 
Arnold, ibid., 1903 (i.), 531. 

^ lloiinques and Hansen, Biederm. Centndbl., 1901, 182 ; Lemmermann and Linkh, 
Landw. Jahrbuclier, 1903, 635. Excejdions to this rule have been observed by 
Raikow {Ghem, Zeit., 1904, 272) in the ca.se of bear fat ; and in the case of horse fat by 
Dunlop {Analyst, 1907, 318). The fat taken from the kidney lied, which in most 
animals gives the lowest iodine value, furnished the highest figure yet recorded for horse 
fat, VIZ, 110*65 (H. Dunlop). 

® Zdls.f. Unters. d. Nakrgs- it. Genussm., 1907 (xiv.), 93. 

® Biochem. Zeiischr., 1909, 220. Hoppe-Seylers Zuit^clir. f. phys. Cliem., 1906 (49), 
273 ; 1907 (63), 350 ; 1908 (.57), 46. Cp. also Raper, ,/onrn. Biol. Ghem., 1913, 117. 

< ’ PJiugers Arch., 1910 (136), 208. 

Cp. also Whitehead, Amer, Jowrn. Physiol., 1909, 294. 
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to be free from pbytosterol, it might have been concluded, a priori, 
that phytosterol does not pass into the food. It was, however, de- 
sirable to investigate this more fully, as through feeding with cake 
larger doses of phytosterol are introduced into the system than with 
ordinary fodder. C. Virchow,^ who first inquired into this matter^ has 
shown that on feeding animals (dogs, hogs, etc.) with cotton seed oil 
and peas, phytosterol could not be detected in the body-fat. Nor 
could Bomer^ detect any phytosterol in a butter from a cow fed on 
sesame, cocoa nut, and almond cakes; neither could Fulmer^ and 
Polenske ^ detect it in the lards of hogs fed with cotton cake and cotton 
seed oil respectively, although in the last case abnormally large quan- 
tities of oil were given to the pigs (Farnsteiner). All the foregoing 
researches have been confirmed by an exhaustive enquiry of Konig and 
Schluckebier,^ who carefully examined the body -fat taken from five 
different parts of the body of young pigs (head, back, leaf, ham, 
intestines) as also the fat from the liver, brain, and gall. In no case 
was phytosterol found, cholesterol being the only alcohol contained in 
the unsaponifiable matter of all these fats. 

It was further of great importance to investigate whether those 
chromogenetic substances of cotton seed oil and sesame oil that show 
the characteristic colour reactions of these two oils pass into the body- 
fat or milk-fat if cotton seed cake or sesame cake is given with the 
food. As this question will be fully discussed under the headings of 
“ Lard ” and “ Butter Fat,” it need only be pointed out here that 
exhaustive investigations have demonstrated the fact that the chromo- 
genetic substance of cotton seed oil does migrate into lard and milk-fat, 
although Thorpe^ noticed that individual cows vary in their ability 
to pass the reacting substance into the milk-fat. As regards sesame 
oil, the opinions of numerous observers are conflicting, but the evidence 
goes to show that under certain conditions, which are not fully known 
yet, the chromogenetic substance of sesame oil migrates into the milk- 
fat of mammals. Quite recently Konig and Schluckebicr demonstrated 
that on feeding pigs with sesame cake the substance which gives the 
Baudouin reaction passes into the body -fat. This was proved by 
examining the fat taken from five difierent parts of the animal (head, 
back, leaf, ham, intestines) which had served for the experiment.’ 

Other influences which bear on the composition of animal fat, such 
as the influence of seasons, climate, mode of living, age, state of health, 
and idiosyncrasy of the animal, will be considered under “ Human 
Fat,” “ Lard,” “ Tallow,” and “ Butter Fat.” 

It is also noteworthy (although of minor importance for the pur- 
poses served by this work) that the iodine values of the organ fats are 

^ Zeits.f. IJnters. d. Nahnjs- u. Uenussm., 1889, 559. 

2 Ibid., m2, 1023. 

^ Jowu. a\.vict. Chcin, Soc., 1904 (26), 837. 

* Arbeit, a. d. Kais. Uesundhdtsaml, 1905, 567 ; cp. also Farnsteiner, Lendrich, and 
Butteuberg,’/<;iY.v. /. Unters. d. Nabrgs- u. (himssm., 1906 (xi.), 1. 

® Zeits.f. Unters. d. Nahrgs- u. Uenussm., 1908 (xv.), 642. 

0 Analyst, 1898, 257. ^ ^ ^ 

7 Cp. M. Piettre, OmiHc, rend., 1911, 487 ; C. L. Hare, Joum. Ind. Eng. Chem., 
1910 264 ; and E. Abderhaldeu and 0. Brahm, Zeitschr. f. phy^ol. Chem., 1910. 
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higher than those of the connective tissue fat. Wolxike states the fol- 
lowing figures : — Iodine value of the fat from the liver of the normal 
dog 83-1, from the heart muscle 84-9, from the kidney' 78-0, whereas 
the iodine value of the connective tissue fat was 62-8.^ On examina- 
tion the fatty acids in these organs were found to absorb from 113 to 
134 per cent of iodine ; the unsaturated fatty acids appear to undergo 
oxidation somewhat easily on exposure to air, thereby becoming to 
some extent insoluble in petroleum etlier. On separating the saturated 
fatty acids from the unsaturated fatty acids (by the lead-salt-ether ^ 
method) Hartley ^ obtained unsaturated fatty acids (from pig and ox 
liver) having iodine values from 174 to 20.1 The bromide test led 
to the conclusion that the unsaturated acids contain acids belonging 
to the unsatiirated series (CnH2rt_g02) and even 0^112, i_g02. (There 
seems to be an analogy with the acids of the fish liver oils.) Hartley 
isolated the following acids from pig liver fat : — palmitic, stearic, and 
an oleic acid, differing from the ordinary oleic acid, linolic acid, and an 
acid 4^20^32^2 • 

Polenske ^ recently made the interesting observation that the differ- 
ence between the melting and solidifying points is constant for one 
and the same animal fat, whereas different animal fats exhibit different 
(“ difference ”) numbers. Thus for a number of tallows the “ differ- 
ences ” found were 12'8‘^-14-7° C., for goose fat 14-0°-16'2'' C., and 
for butter fats ll'8‘"-14-3‘^ C., whilst lard is characterised by higher 
numbers, viz. 19-2^-20-6^ C. Polenske bases on this observation a 
method for the detection of lard, as also of tallow, in goose fat. This 
method is likely to prove useful for the detection of tallow and lard in 
butter fat. 

In this work only those animal fats which have commercial im- 
portance, or may acquire such, will be treated, i.e. the body and the milk 
fats. The fats from the active organs from liver, heart, etc., are only of 
interest from a physiological point of view, and will only be glanced at 
in passing. 

I subdivide the animal fat? into : (1) drying, (2) semi-drying, and 
(3) non-drying fats. The latter are subdivided, according to their 
origin into (a) body-fats, (6) milk-fats. 

^ Hartley (On the nature of fat contained in the liver, 'hi dney, and heart), Journ, 
Fhystol., 1907 (36), 18 

^ Jourti. Phynol , 1909 (38), 354. 

Arbeit, a. d. KaU. Uesuiulheitsu/nt, 1907, xxvi. 3 
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HORSE FAT 

French — Graisse de chevaL GeTmun—Pferdefeit. 

Italian — Grasso di cavallo. 

For tables of characteristics see p. 677. 

Fresh horse fat (from Eqms caballus) is of yellowish colour, and 
has a buttery consistence. On, standing it separates into a solid and 
a liquid portion. In its fresh state it is neutral. As the rendering 
of horse fat is not so carefully carried out as that of other animal fats, 
remnants of tissue are frequently contained therein. Hence it readily 
becomes rancid. 

In a sample of kidney fat stearic acid could not be detected by 
the method described Vol. I. Chap. VIII. Farnsteiner isolated from a 
specimen of horse fat linolic tetrabromide in a quantity correspond- 
ing to 9-9 per cent of linolic acid in the fat. The fat taken from the 
kidney bed, which in most animals gives the lowest iodine value, 
furnished the highest figure yet recorded for horse fat, viz. 110'65 
(E. Dunloj))} 

The occurrence of linolic acid satisfactorily explains the weak 
drying properties this fat shows on exposure to the air. 

In consequence of the increasing consumption of horse meat, horse 
fat has become a commercial arti(‘le. It is used by the poorer classes 
on the Continent as an edible fat in place of lard, and is no doubt used 
as an adulterant of more expensive fats. Admixture of horse fat to 
tallow has been practised in slaughter-houses. Horse fat in slaughter- 
house grease is stated to be detected by the biological methods^ of 
differentiating albumen from different sources. Of course, if the 
albumen has been removed in the usual manner, this method will fail. 

Horse fat of low quality is used in soap-making and the manufacture 
of leather greases.^ A technical application of horse fat for the coating 
of calcium carbide in the production of acetylene has been patented 
by J, M'Rae} 

The following characteristics for horse fat from various parts of the 
body ^ have been published : — * 


^ Analyst^ 1907, 318. 

" Wittels and Welwart, Seifevseuier Zcit., 1910, 1014 
^ Boutoux, Lea MafAt'res yrasses, 1910, ‘2026 
English patent 2.5,046, 1905. 

^ As to the foot oil, cp p. 482. 
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• Capillary tube method. * As to the horse oil obtained from these fats cp. p. 550. * Analyst^ 1907, 31S. 
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Horse Oil— The liquid portion of horse fat is frequently prepared^ 
separately by simple filtration at low temperature. It is sold in com- 
merce as horse oil or “ animal oil/’ and should not be confounded with 
horses’ foot oil (see p. 482). The following table contains some char- 
acteristics of horse oil (Dunlop ^). 


Horse ftit from 

a 

1 

-0 

a 

ct 

t 

8 

Specific Gravity at 

15 -5’ C. 

Saponification Value. 
Per cent. 

Iodine Value (Wijs). 

Relchert-WoUny 

Number. 

Butyro-Befractometer 
at 25° C. 

“ Degrees." 

Unsaponifiable Matter. 
Per cent. 

oS 

2 

© W 

1 

1. Kidney bed 
after filtration 
at 13-3" C. 

Orange-yellow 

oil 

0-9212 

19-63 

114-85 

0-36 

66-7 

0-68 


2. Neck (“mane”) 
after filtration 
at 12 '2" C. 

Lemon-yellow 

oil 

0-9182 


90-10 

0-30 

61-8 

0-46 


3. Neck (“mane") 
after filtration 
at 8 ’9" 0. 

Light yellow, 
part liquid 

0-9184 

19-56 

93-11 

0-20 

61-8 

0-50 

1-20 

4. Neck fat 

Lemon-yellow 

oil 

0-9211 

19-63 

112-85 


66-0 

0-42 

0-46 


The drying properties of horse oil are very marked. Thus specimens 
of horse oil exposed for two hours in thin layers on glass gave at tem- 
peratures 95°-97° C. sticky films, which became solid after four hours 
(Dunlop). 

In consequence of its pronounced drying power horse oil is un- 
suitable for lubricating purposes. 


. HARE FAT 

French — Grmsse de lih're. German — Hasenfett. 

Italian— di Jepre. 

For tables of characteristics see p. 679. 

Hare fat (obtained from several specimens of Lepus timidus) is, 
according to Amthor and Zink,^ pale yellow to orange-yellow. It is of 
soft consistence, and separates on standing into a thick yellow oil 
and a white crystalline deposit. Even in the fresh state it has a dis- 
agreeable rancid smell, which becomes more unpleasant on standing. 

^ Amlyst, 1907, 318. 2 zdhehr. f. anedyt Chem., 1897, 8. 
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Exposed to the atmosphere in a thin layer (e.g. spread on a glass 
plate)^ hare fat dries in about B days to a tolerably viscid varnish, 
becoming solid after 4 more days. The iodine number after 38 days’ 
^ exposure was 19-4. 

Hare fat contains linolic acid. Klimont ^ could only detect palmitic 
acid in the saturated fatty acids. 

The acid value of tlie specimen examined by Amilior and Zink was, 
in the fresli state, 2*73, and after 6 months, 8. 


RABBIT FAT 

French — Graisse de lapiii. (lerman — Kaninclienfelt. 

Italian — Grasso di coniglio. 

For tables of characteristics see p. 681. 

Kabbit fat (from Lepus cunicuks) is of a dirty yellow colour ; on 
standing it separates into a liquid and a solid portion. 

The fat from the wild rabbit dilTers very notably from that of the ^ 
tame rabbit in its iodine absorption. On exposure to the atmosphere 
the fat from the wild animal dries after 7 days to a nearly solid vai'nish, 
becoming completely solid after 6 more days. After 50 days’ ex- 
posure the iodine number was only 26. The fat from the tame animal 
does not exhibit drying properties. 

The acid values of the wild rabbit fat and tame rabbit fat were 7-2 
and 6' 2 respectively. 

As a rule, the fat of domesticated animals is licher in olein than that 
of wild animals, but in this case, as well as in that of the wild goose, the 
rev(‘rsc obtains. 


' Monatsh. f. Cheni , 1912, 441 
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(3) Non-Drying Animal Fats 

HORSE MARROW FAT ^ 

Froncli — MblJe de cJieval. German — Pferdemarhfett. 
Italian — Grasso di midollo di cavallo. 

Physical and Chemical Characteristics of Horse Marrow Fat 


Specific Gravity. 

Solidifying 

Point. 

Melting 

Point. 

Saponification 

Value. 

Iodine Value, 

Reichert Value. 

At 16“ C. 

‘C. 

*C. 

Mgrms. KOn. 

Per cent. 

c.c. norm. 
KOU. 

0-9204-0-9221 

24-20 2 

35-392 

1997-200 

77-6-80-6 

1-0 


Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Specific Gravity 

Solidifying Point. 

Melting Point. 

Neutralisation Value. 

Iodine Value. 

At 15“ C. 

•c. 

“C. 

Mgrms. KOn. 

Per cent. 

0‘9182-0‘9289 

86-342 

42-442 

210’8-2l7-6 

7r8-72*2 


Horse marrow fat is pale yellow. A specimen of freshly rendered 
fat had the acid value 1-0, and a sample three months old 0-8. 


GOOSE FAT 

French— Foie. Gernian — Gdnsefelt. Italian— (rrasso F oca. 

For tables of characteristics see pp. 684, 685. 

Goose fat (from Anser cinereus) is a semi-pellucid, pale yellow fat 
of granular structure. It consists of olein, palmitin, stearin, and small 
quantities of glycerides of volatile acids. 

The proportion of soluble fatty acids varies, according to Young, 
from 0-7 to 3*5 per cent, calculated as oleic acid. 

There are added in the tables some characteristics of the fat from 
the wild goose (Anser ferus) ; the iodine value of the latter demon- 

^ Zink, Fo'rschungsberichte ilber Lebe7wnittei, etc., 1896, 441. 

C.ai)illary tube method. 





XIV 


GOOSE FAT 


683 


strates that the fat of the wild goose is richerdn olein than that of the 
domesticated goose. ^ 

Lehedeff's earlier statement ^ that goose fat consists of 70 parts of 
triolein and 20-30 parts of tripalmitin together with some tri stearin 
hardly merits attention. Klimont ^ states that ho has isolated dipal- 
mitostearin^ but as the melting point 59° C. which he found is much 
lower than that of the same glyceride isolated by Bomer, by a much more 
careful series of recrystallisation, and. moreover, as the proof is only 
based on saponification values obtained with extremely small (piantities 
of substance, little importance can be attached to Klimont' s statements. 

Adulteration of goose fat with about 20 per cent and more of lard 
can be ascertained by determining the melting point and solidifying 
point according to Polenske's method (Vol. I. Chap. V,). With pure 
goose fat differences from 14*7 to 16-7° C. are observed, whereas by the 
addition of 20 per cent of lard the difference rises to 17-3 and 17-5°, 
and in the case of an addition of 30 per cent to even 18-3° C. 

1 Westphal, Kiiglisl) Patent 27,13H, 1911 ; Fieiicli Patent 437,145. 

2 Zedsch'.f, phys. Chern,, 1882, 142. Monntsh.f. Ohm., 1909, 341. 
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Wild goose . . 99 6 

Wild goose, 2 years 67 0 

in captivity 
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HUMAN FAT 

French — Graisse d'homm. German — Menschenfett. 

Italian — Grasso d’uomo. 

For tables of characteristics see p. 688. 

Human fat was first examined by Chevreul and afterwards by 
Heintz. 

The consistence of human fat approaches that of butter. On 
crystallisation from ether Mitchell ^ obtained a slight deposit of crystals, 
melting at 51-5° C. ; under the microscope these crystals somewhat 
resembled those frequently obtained from flare lards. Partheil and 
Ferie^ obtained pure tripalmitin on removing the liquid portion by 
expression and crystallising the solid portion from absolute alcohol. 
In the liquid portion dioleo-stearin was identified. Human fat may 
therefore be considered as consisting chiefly of tripalmitin and dioleo- 
stearin ; neither myristic nor lauric acids were found by the lithium 
salt method. In the light of these numbers the statement made by 
Jaeckle ^ that the mixed fatty acids consist of 4-9-6*3 per cent of stearic 
acid, 16*9-2 M per cent of palmitic acid, and 65*6-86*4 per cent of oleic 
acid must be accepted with reserve. The amount of unsaponifiable 
matter was found by Jaeckle to be 0*33 per cent ; the proportion of 
lecithin calculated from the phosphorus contents was 0*084 per cent. ' 

The iodine value of the fat of new-born babies was found by Knop- 
felmacher to be 43*3.^ The proportion of liquid acids increases, how- 
ever, rapidly, until at an age of one year the iodine value of 65 (67*25 
Langer) is found, which is the iodine value of the fat from adults. (In 
the case of young pigs Konig and Schluckebier ^ ascertained that the 
iodine value decreases with the age, and that the melting point of the 
fat increases correspondingly.) The fat of well-fed children is richer 
in oleic acid than that of underfed ones. The influence of food on the 
iodine value of the fat is further clearly illustrated by the statement 
made by Rosenfeld^ that the fat of Polynesians, living chiefly on cocoa 
nuts, resembled somewhat cocoa nut oil, whereas the fat obtained 
from an Eskimo had the iodine value 79 — thus uliowing the influence 
of the blubber oil taken in the food. 

The variations in the chemical characteristics of fat from the various 
parts of the human body do not interest us here, and the reader must 
be referred to the footnotes. The following statement, if read in 
conjunction with the remarks made on p. 669, may, however, prove 
interesting. The fat taken from the muscles of the heart of a person 
who had been suffering from fatty degeneration of the heart, gave 
the following numbers : — 


1 Analyst, 1896, 172. Arch. d. Pharm., 1893, 645. 

« CJicm. ZeiL, 1897, 163. 

* Chem. Ceniralbl., 1898 (i.). 788. Cp. also L. Wacker, Zeitschr. f. Physiol., 
1912, 349. ® Zeits.f. Unters, d. Nahrgs- u. Genussm., 1908, 641. 

Chem. Zeit,, 1902, 1110. Lmdemann, Zeitschr. f, Biol, 1899, 38 ; 406. 
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Saponification value . 267*4 

Iodine value ^ . . 108-55 

Reichert-Meissl value 23-9 

Acid value , 18*35 


According to P. Hartley ^ the liigher fatty acids from the liver, 
kiiney, and heart^musch include, in addition to saturated acids and 
acids of the oleic series, considerable amounts of acids of the series 
CnH 2 n- 402 , and possibly C,iH2n_g02. These unsaturated 

fatty acids yield on bromination additive products insoluble in ether, 
carbon tetrachloride, alcohol, and acetic acid, thus resembling the 
bromo-acids of the series CnH 2 n- 802 . 

Fat extracted from human hair {Meyer had the following 
characteristics : — 


Specific gravity at 60° C. 0-9086 

Saponification value . 200 

Iodine value . 67 

Keichert-Meissl value ... 23 

Insoluble fatty acids + unsaponifiable 90 per cent 

(Jnsaponifiablo matter . . 3 per cent 

Refract ive mde\ at 28° C'. 1 -47009 


The view that the fatty body secreted by the skin contains wool 
wax has been shown to be erroneous by Unna and Golodetz^ Notable 
quantities of cholesterol were found. Isocholesterol, however, could 
not be detected. 

‘ When decomposition of the human body sets in, the tissue dis- 
appears first, and the more resistant fat is converted into the so-called 
adipocere (French, Adipocire ; German, Leichenwachs ; Italian, Cera 
cadaverica), a hard wax-like mass consisting chiefly of fatty acids (cp. 
Vol. I. Chap. I.), and lime soaps of fatty acids. 

Adipocere was first described by Antoine Franqois Fourcroy, who 
placed it together with cholesterol (found by Conrad in 1775 and by 
Green in 1788 in the biliary calculi) and spermaceti in a separate class 
termed “ adipocere.” Fckmelck ^ examined three specimens of adi- 
pocere, with the following result : — Melting point, 62-5'" C. ; insoluble 
fatty acids, 83-84 per cent ; ash, l-64-l’70 per cent (containing 83-84 
per cent CaO) ; unsaponifiable matter, 16-7 per cent^; acid value, 
197 ; neutralisation value of the fatty acids, 202-8-203-4 ; iodine value, 
14-14-2 ; iodine value of the fatty acids, 14*4. According to Tarugi,^ 
adipocere consists chiefly of palmitic acid. 

With regard to fat obtained from Egyptian mummies, cp. If. A. 
SchmidtS' 

1 Journ. PhysioL, 1907 (36), 17. ^ ;, 905 ^ 1028. 

3 JHochem. journ., 1909, 489. Chem. Zn(., 1902, 11. 

® Gazz. chim. ital., 34, ii. 469 ; Glum. Gentralhl., 1905 (i.), 683. Tlie statement tliat 
adipocere coii.sists cbieHy of palmitic acid wa.s iirst made many years ago (Wetlienll, 
Trans. Amer. Philos. Soc.). Cp. also E. Salkow.ski, Zur Kenntnis.^ tier Fottwachs- 
bidluny, p. 20 (Festschrift f. R. Virchow, 1891, Beilin, Reimer). 

Gheni. ZuL, 1908, 769. 
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LARD, HOG FAT 

French —Saindoux, Graisse de pore. German —Schweinefett. 

Italian — Strutlo. 

For tables of characteristics see pp. 694-696. 

“ Lard,” originally used to denote the fat rendered from the leaf 
of the pig, i.e. the fat from the kidneys and the bowels. 

The increased consumption of lard during the latter half of the 
last century (which has seen the rise of large American packing- 
houses manufacturing lard on an enormous scale), has chiefly con- 
tributed to the extension of the above-given dehnition of lard, so that 
at present lard denotes the fat from any and every part of the hog. 

What was originally termed lard is still being sold on a small scale 
as “ butcher’s lard ” and “ home-rendered lard.” Compared with 
the enormous quantities which are being produced in the slaughter- 
houses of America, especially in those of the United States, the amount 
of lard which is produced locally on a small scale has become an in- 
significant quantity. That produced in large municipal or private 
slaughter-houses no longer consists entirely of leaf lard. “ Bladder- 
lard ” — so named from the package— used to be leaf lard rendered 
in small establishments. This term is still used to denote the best 
quality of home rendered, as also of American lard of quality (c) (see 
below). Another quality of lard sold in the retail trade as keg 
lard ” (so named from the package) always contains, besides leaf lard, 
the fat taken from other parts of the animal. 

As stated already, at present ” lard ” denotes the fat taken from 
any and every part of the hog. Implicitly this has been recently 
acknowledged by the Adulteration Laws of tlie United Slates, accord- 
ing to which the term lard is defined as the “ rendered fat from 
slaughtered, healthy ^ hogs free from rancidity and containing ho more 
than I per cent of substances other than hog fat.” The production of, 
and trade in, lard made at present may be considered as being com- 
pletely dominated by the processes and trade usages in vogue in the 
United States, especially in the large packing-houses of Clycago. 

The rules of the Chicago Board of Trade define the following brands 
of edible lard : — (a) Neutral Lard No. 1 ; {b) Neutral Lard No. 2 [Imita- 
tion Neutral Lard) ; (c) Leaf Lard ; (d) Choice Lard, Choice Kettle- 
rendered Lard ; (e) Prime Steam Lard. These brands will be described 
here in the order in which they are produced, so as to give, at the same 
time, a concise account of the manufacturing processes involved in the 
production of edible lard. 

In the American packing-houses, in some of which up to 10,000 
hogs are killed per day, the animals are driven into a shackling pen, 

^ Tliis i.s important, as ni the State of Jowa a law i.s in force which says that lard 
made from hogs that have died of disease may bo sold if the fact be mentioned to the 
purchaser at the time of sale. 

VOL. n 2 Y 



690 GLYCERIDES— NON-DRYING ANIMAL EATS chap. 

where they are fastened to a “ wheel hog hoist ” by means of which 
they are hoisted up to the “ sticking pen.” Immediately after they 
have been killed they are delivered automatically by a travelling 
band into a “ scalding tub/’ from which the carcasses are thrown out 
and carried automatically into the hog-scraping machine^ where the 
bristles are scraped oA The carcasses are then cut up immediately^ 
and in the first instance the leaf (French — panne ; German — Liesen, 
Flohmen ; Italian — sugna) is taken out, freed from the flesh and skin, 
and then chopped up in fat-cutting machines into small lumps and 
thoroughly washed with iced water. The comminuted mass is then 
delivered into jacketed rendering vessels, in which it is heated up to 
a temperature of 40°-50'' C. The lard so obtained— (a) Neutral 
Lard No, 1 — is practically neutral, and is used almost exclusively 
in the manufacture of “ margarine ” (termed in America “ oleo- 
margarine ”). 

If the leaf cannot be rendered in its fresh state it is placed in re- 
frigerating rooms until it can be worked up. The first method can, 
of course, only be used in small establishments, whereas the latter 
method, as the author has himself seen in the Chicago stockyards, 
is the one practised on a large scale. Moreover, it is claimed that 
the so-called “ animal flavour ” is more efficiently removed by a pro- 
longed cooling process. 

The fat from the back^ is rendered in a similar manner. The 
skin is either removed by hand or by a back-fat skinning machine. 
This lard is sold as (h) Neutral Lard No. 2 “ Imitation Neutral Lard ” 
(quoted on the Rotterdam Exchange as “ Imitation Lard ”). This 
fat is used in America chiefly for the purposes of confectioners and 
biscuit bakers. On the continent of Eurojie this lard finds extensive 
use for the same purposes, further in the manufactui’e of margarine, 
and also as an adulterant of butter (see Butter-fat ”). 

Neutral Lard No. 1 and Neutral Lard No. 2 (not being “ cooked ”) 
do not keep well and cannot therefore be used like “ leaf lard ” and 
“ steam lard ” for domestic purposes. The author would explain this 
fact as being due to the enzymes (which he considers as the primary 
cause of the incipient stages of rancidity) not having been destroyed 
completely at the comparatively low temperature at whi(;h these two 
brands of Ip.rd arc rendered. 

(c) Leaf Lard, Flare Lard (‘' flair lard ”) (GarmmSpeckschmalz). 
— On subjecting the residue from (a) to steam heat under pressure, the 
leaf lard of commerce is obtained. Formerly this was the only kind of 
lard recognised by the Chicago Board of Trade, and was then prepared 
from the whole leaf, and thus embraced the three qualities described 
under (a), (b), and (c). This lard is not exported, but is consumed 
at home. The Adulteration Laws of the United States now define 
leat" lard as “ the lard made from the internal fat of the abdomen, 

^ Tlic back-fat lard is separated by a fascie into two layers, the outer one of which 
melts at a lower temperature than the inner. This peculiarity extends even so far that 
hogs reared in colder climates have a considerably softer (that is riclier in olein) outer 
fat layer than the hogs reared in warmer climates. Such diflerences are not noticeable 
in the fat of the inner portions of the body. 
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excluding that adhering to the intestines, and having the iodine number 
60.’’ The “ cracklings ” from best leaf-lard arc mixed with bone 
meal and sold as chicken food under the name of ‘‘ azotine.” 

The portions of the leaf remaining after the rendering of Neutral 
Lard No. 1 are frec[ucntly put together with the residues obtnined 
in the preparation of Neutral Lard No. 2, and rendered by steam heat 
either in open steam- jaitketed kettles or in autoclaves. The lard so 
obtained consists, therefore, exclusively of tlie residue from Neutral 
Lard No. 2, or from a mixture of residues from Neutral Lard No. 1 
and Neutral Lard No. 2. This lard is known as (d) Choice Lard, Choice 
Kettle-rendered Lard (French— Saindoux de choix). The open steam- 
jacketed kettles are a survival of the old-fashioned open kettle in which 
butchers used to render the lard over free fire. Such lard had the 
peculiar, pleasant flavour of fried fat and therefore the name ” kettle- 
rendered lard ” has been retained even after the rendering over fi-ee 
fire had given way to heating by means of steam. In large establish- 
ments the rendering is carried out under pressure (in digesters). In 
some establishments, however, the jacketed vessels arc still in vogue ; 
they are usually square tanks, jirovided with one or more circular flue- 
pipes passing tliroiigli tlic centre of the tank, so as to distrdiute the 
steam over as large a surface as jiossible. According to the regulations 
of the Chicago Board of Trade “ choice lard ” is defined as lard made 
from leaf and trimmings only, (hther steam or kettle-rendered ; the 
manner of rendering must b(5 branded on each tierce. Its flavour is 
much superior to tliat of prime steam lard.” 

After this lard has been drawn off from the autoclave, the residue, 
termed “ tankage,” is withdrawn and worked up in the fertiliser 
department (see Chap. XVI.). 

The lowest quality of edible lard is (e) Prime Steam Lard (French — 
Saindoiixala vapeur ; German -Dampfschmalz), also termed ” standard 
prime steam lard,” and obtained from any trimmings not used up 
in the production of lard {d), and all other parts of the hog that will 
yield lard, with tlie exception of th(‘ liver, lungs, the intestines proper, 
and of that part of the lieart winch is free from fat, etc. This quality is 
rendered in digesters m a similar manner to {d). . This lard is passed 
solely on inspection, and as the inspector has no authority enabling 
him to supervise rendering establishments in order to secuje a proper 
control, we may take it that prime steam lard consists of the fat from 
any part of the hog, either from the whole animal or from portions of 
it (head, foot). 

As stated already, these qualities arc used for edible puiqioses only. 

Lard is also used for the extraction of perfume from flowers by 
the “ mac.eration process,” in which the flowers are dipped in the fat 
previously heated to about 80° C. and expressed, the operation being 
repeated up to 25 times. 

All those parts of the hog which have not been used for the pro- 
duction of edible lard —such as “ guts,” etc. — are worked up in auto- 
claves, in order to obtain the last portions of fat they contain. Such 
fat is known as “ yellow grease ” (see Chap. XVI.). With it is mixed 



692 


GLYCERIDES— NON-DRYING ANIMAL FATS 


CHAP. 


all the refuse fat resulting in the course of rendering the edible qualities. 
The “ yellow grease ” is generally worked up together with any hogs 
that have died in the “ Stockyards.” This quality is^ of course^ only 
used for manufacturing purposes, such as for the production of soap, 
low quality lard oil, or “ grease stearine.” 

The hogs which have died in transit are rendered for fat in their 
entirety, after the intestines have been removed, as the fat from the 
latter would discolour the resulting grease. The grease so obtained 
is sold as “ white grease ” for manufacturing purposes. 

The intestines which have been removed from the dead animals 
are worked up separately, and yield, a grease sold as “ brown grease.” 
This is used for the manufacture of soaps and the lowest class of 
commercial lard oil. 

A further kind of grease — “ pig’s foot grease ” — is a by-product 
obtained in the glue department of the packing-houses. It also finds 
an outlet in the manufacture of low-class lard oil as, a substitute for 
Neat’s foot oil,^ and of soap. 

In this section only lard proper will be dealt with, i.e, all the edible 
qualities enumerated above from (a) to (e) (cp. Vol. III. Chap. XVI. 

“ Greases ”). 

The two qualities of “ neutral lard ” hardly require any refining. 
After the clear melted lard has settled in the jacketed vessel, it is run 
off into a receiving tank, in which the last traces of water and any 
fibres are precipitated by sprinkling salt over the fat (cp. manufacture 
of “ Premier Jus,” Chap. XV.). The settled lard is then ready for use 
in the margarine department of the works, or is run into tierces for 
shipment. 

The next qualities of edible lard usually undergo a more compli- 
cated process of refining. This consists in treating the melted fat in a 
refining vessel with fuller’s earth, blowing it at the same time with air. 
This is done not only to mix the lard but also to deodorise those 
qualities which require such treatment. The treated mass is then 
pumped through a filter-press, from which the clear bleached lard is 
run over horizontal cylinders cooled by brine. In small establishments 
a single cooler is used; in the large packing-houses two cooling 
cylinders, arranged side by side in one open tank, are usually employed. 
These cylinders revolve slowly in the warm lard, being immersed in it 
to about half their diameter. Whilst rotating they carry up a layer 
of lard, which is quickly chilled on the cooled surface and forms a 
continuous sheet of solidified fat. On the opposite side, before the • 
cylinder dips again into the warm lard, the solidified mass is removed 
by a scraper and falls into a trough. In this trough a rotating screw 
conveyer breaks up the sheet of fat and carries it forward into a mixer, 
in which the lard is agitated by a mechanical arrangement. Here 
lard stearine is added, if need be, to “ stiffen ” soft lard. 

At this stage of the process such ingredients as are incorporated 
with lard in the manufacture of “ Lard Substitutes ” (see Chap. XV.) 
are also added. 


^ Fabrion, Zeiischr.f. angew. Chem., 1911, 1318. 



XIV 


LARD 


693 


The finished product is taken off by a pump, which delivers the 
semi-solid mass through a range of strainers into the vessels (“ tierces ”) 
in which the lard is shipped. 

The object of the agitation of the lard is to produce rapid solidifi- 
cation of the mass, whereby a whiter product is obtained than if the 
lard were allowed to solidify slowly. Frequently the lard is blown at 
the same time with air, which, becoming entangled during the agitation, 
assists in giving a whiter colour to the lard. This final treatment in 
the agitator imparts the smooth, salve-like consistence, and also pre- 
vents the formation of crevices in the finished product which not only 
render the lard unsightly, but also increase the liability to rancidity 
by the more ready access of air. The mixing in the agitator and tlie 
blowing with air require careful observation. If not carried to a 
certain point, liquid portions would separate out in the tierces. The 
author has not infrequently noticed pools of fluid fat in tierces contain- 
ing lard of a low melting point. 

'The machinery used in the large American packing -houses has 
served as a type to those European establishments where considerable 
quantities of lard are produced (e.g. in Vienna). Sliglit alterations 
are introduced into the system of cooling, as the (juantities produced 
are not always large enough to permit the installation of brine- 
cooled cylinders. In such c.ases the hot lard is worked off in mixing 
machines between rollers where lard in solid form is introduced in order 
to induce more rapid solidification, or even lard stearine to stiffen ” 
the lard. Just as in the manufacture of lubricating greases and vege- 
table butters, the object of passing the lard between rollers is to give it 
a smooth appearance. With regard to the manufacture of “ Lard 
Stearine ” and “ Lard Oil ” see p. 741. 

Eeliable figures representing the extension of the lard trade in the 
United Sates of America, Canada, etc., are not available, but some 
information may be gathered from the following data : — In the year 
1899 the quantity of neutral lard consumed in the production of mar- 
garine (oleomargarine) amounted to 31,297,251 lbs. In addition' to 
this there is the consumption of lard in the United States and the 
amount used in the production of lard compounds (sec Chap. XV., 
“ Lard Substitutes ”). The bulk of the lard is, however, exported to 
Europe. 


[Table 
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In one case 0-8700 was found. 2 Joum. Artier. Chem. Soc.. 1904, 372. * From leaf. From back. 
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Chinese lards. ® Japanese lards. 





J Calculated from saponiQc. value 203*6. * Iodine value of lard 76*9. 3 Genoveae lard of iodine value 67*6. * Iodine value of lard 63*2. 
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The exports of lard from the United States in lbs. and their 
value in dollars is given in the following table : — 


Year. 

Lbs. 

Dollars. 

1890 

509,534,250 

33,589,851 

1897 

508,315,010 

29,120,485 

1898 

709,344,045 

39,710,672 

1899 

711,259,851 

42,208,405 

1900 

001,813,003 

41,939,101 

1901 

011,357,514 

40,560,148 

1902 

550,840,222 

52,375,804 

1903 

490,755,821 

50,854,501 

1904 

501,302,043 

40,317,520 

1905 

010,238,899 

1 47,243,181 

1900 

741,510,880 

1 00,132,091 

1907 


57,497,980 

1908 ' 

003,413,770 

,54,789,748 

1909 

528,722,933 

52,71 2,. 509 

1910 

302,927,071 

43,301,156 

1911 

470,107,857 j 

52,509,217 

1912 

532,255,805 

52,090,441 


The quantity of “ lard compounds ” and “ lard substitutes ” ex- 
ported from the United States will be given in Chapter XV. under 
the heading “ Lard Substitutes.” 

The following figures state the value in pounds sterling of the imports 
into, and the re-exports from, the United Kingdom of lard and imitation 
lard (see above), and also of “ lard substitutes ” - 



Imports of 

V'ear. 

- - 

___ 


Lard. 

“ Iiiiitatiou 
Lard.”J 


£ 

£ 

1898 

2,887,801 

89,025 

1899 

3,008,975 

90,010 

1900 

3,206,582 

98,02!) 

1901 

4,037,680 

154,239 

1902 

4,118,092 

284,830 

1903 

3,870,774 

300,033 

1904 

3,342,389 

238,008 

1905 

3,092,673 

209,098 

190() 

4,361,399 

358,492 

1907 

4,491,539 

408,192 

1908 

4,407,410 

300,700 

1909 

4,858,020 

438,909 

1910 

4,520,074 

003,444 

1911 

4,251,758 

300.878 

1912 

4,573,130 

434,023 


lte-J']xport.s ot 


Lard. 


Imitation 
J.ard 1 


£ £ 


(>74,828 

810,003 

480,707 

551,512 

165,457 

180,082 

104,160 

410,257 

401,743 

379,481 

250.272 

032,782 

383,007 

504,984 

580,021 


11,875 
4,332 
2,270 
1,453 
0,548 
» 1,202 

1.052 
4,005 
8,600 
5,805 
2,145 
1,980 

4.052 
5,700 
3,384 


Very large quantities are shipped to the French ports ; and to 

^ This term iacluduig besides “neutral iinltatioii lard” (see above) also lard 
substitutes. 




698 


GLYCERIDES— NON-DRYING ANIMAL FATS 


CHAP.' 


Rotterdam/ which is the chief port for the importation of lard into 
Germany. 

A reliable estimate as to the European production is at present 
impossible. The author, from information placed at his disposal, 
estimated that the value of lard produced in the United Kingdom was 
about £1,100,000 in 1902. Large quantities of lard are produced on 
the Continent in Roumania, Servia, Hungary, and Austria. Hardly 
any lard can be imported into Hungary and Austria in consequence of 
the enormous import duty on this article. 

Leaf lard has a granular texture and a salve-like consistence and 
should be of pure wliite colour. The lards which represent mixtures 
from all parts of the body, especially those manufactured in large 
slaughter-houses, have no longer a crystalline texture, as the object 
of the last operation in the manufacture is to destroy such texture and 
give to the produce a smooth appearance. 

The lard rendered from the leaf and also that from the back have 
an agreeable taste. The lower qualities have an insipid taste ; this 
disappears, however, on standing. Some of the steam lards have an 
“ animal flavour,” which may be judged by an inexperienced person as 
indicating admixture with tallow or beef “ stearine.” This flavour 
also disappears on standing or on warming. 

Leaf lard is the hardest ; the lards from tlie back, etc., are softer 
(see below under “ Melting point,” p. 708). The consistence of a lard 
is not only conditioned by the part of the animal from which it has 
been taken, but depends also on the food which has been given to the 
animal. Hogs fed exclusively on acorns yield a harder lard than liogs 
fed on maize. 

Lard consists of the glycerides of lauric, myristic, palmitic, stearic, 
and oleic acids, and small quantities of linolic acid (and perhaps also 
of linolenic acid). Volatile acids are absent, as may be seen from the 
low Reichert- Meissl value. The proportion of stearic acid in a number 
of commercial lards (determined % the method described, Vol. 1. 
Chap. VIIL) varied from 6 to 24-91 per cent. The statement made 
first by Fahrion, viz. that lard contains linolic acid, is confirmed by 
the fact that the liquid fatty acids of lard, especially of American lards, 
have iodine values varying from 93 to 106, and reach even 115-5, as 
the author h^s ascertained. “ Daturic ” acid, stated by Kreis and 
Hafner to occur in lard as a mixed glyceride “ daturodistearin,” has 
been shown to consist of a mixture of solid acids (see below). 

Bomer^ solated by fractional crystallisation about 3 per cent of 
palmito-distearin and 2 per cent of stearo-dipalmitin. No evidence 
could be obtained for the presence of a heptadecylic acid. 

By reducing lard in the presence of colloidal palladium (Vol. I. 
p. 59) Baal and Roth obtained a white mass of tallow-like consistence 
which melted at 56-60° C. 

Farnsieiner found in a specimen of European lard (of the iodine 
value 51-4) the following percentages of solid and liquid acids : — 


^ Zeits. f, (/liters, d. Nahrgs- u, Oenussm,^ 1913 , 321 . 



XIV 


LARD 


699 


^ 

Solid Fatty Acids. 

r- 

Llqnid Fatty Acida. 

Lard I. {iod. val. 51-4) . 

,, II. ... 

Per cent 

41-3 

42 2 

Per cent. 

53-7 

(iod. val. 93) 
53’1 


The 53T parts of liquid fatty acids of specimen II. were resolved 
by the barium-salt-benzene method into 39-2 parts of oleic acid and 
13-9 parts of less saturated acids. The presence of linolic acid was 
proved by the isolation of linolic tctrabroniide. Since a brominated 
acid of the meltin^^ point 165"^ C. was isolated, the inference is justified 
that this product represents -a mixture of linolic tetrabromide and 
linolenic hexabromide. 

Twitche2l ^ calculated the conqmsition of a lard (iodine value of the 
mixed fatty acids ==62-57) as follows : — 

i’er cent. 

Linolic acid . . . . 10 06 

Oleic acid . , . . 49 39 

Solid acids (difTcronce) . . 40' 65 

The iodine values of the two fractions of liquid acids he prepared were 
109-35 and 118-20. 

The composition of an American lard, absorbing 65-78 per cent of 
iodine, was examined by FartJieil and Fene,^ by their lithium salt 
method. The analysis detailed in the third edition of this work 
(p. 780) is not reproduced here, as the correctness of the method is 
open to doubt. 

On treating lard with 95 per cent alcohol some glycerides richer 
in olein than the bulk pass into the alcohol. As this behaviour is of 
importance for the detection of more readily alcohol-soluble oils and fats 
(such as cocoa nut oil) in lard (cp. p. 724), the results of several ex- 
periments made by Arnold'^ are appended. 150 grms. of lard were 
heated with 110 c.c. of 95 per cent alcohol for an hour on the water 
bath under a reflux condenser, and the mass then allowed to stand 
for 4-5 hours at 12-14‘' C. In the following table some characteristics 
of (I.) the original lard, (II.) the alcohol-soluble portion, and (III.) the 
alcohol-insoluble portion are collated • 


1 Joura. Soc Chem. hid , ISOf), 515 ; cp 2n(l e.htion of tliiH work, p 567. 
- Arch. d. Pharm , liH)3, 5()(). 

■* Zeds f, Untcru.^ Xahujn- u Oenussm., 190/ {x\v ), 179. 
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The analytical differences between lards from different parts of 
the hog are summarised in the following tables. Since important 
* differences exist between North American and European lards, owing 
to the modes of fattening the hogs, I consider it useful to differentiate 
as far as possible between European and American lards. 


European Lards 


Fat from 

Spec. 
Grav at 
10(r C. 
(Water 
15r.l.) 

Molting 
Point of 
Fat. 

Molting 
Point ot 

lodino Value 
of 

Free Fatty Acids. 

Observor, 

Remarks. 

Fat.ty 

AckIs. 

Fat 

Fatty 

Acids 

c c norm. 
KOlI por 
lOOgtrns. 

Calculatod 
to Oloic 
Acid. 



“C. 

'C. 




Per cent 


Mean re- 

Back 

0 8607 

33*8 

40 

60*58 

61*90 

0*51 

0*152 

Spaeth 

.siilts from 










examina- 

Kidney . 

0*8590 

13*2 

43*2 

52*60 

54*20 

0*58 

0*163 


tion of fat.s 
from 8 

Leaf 

0 8588 

11 5 

42*9 

53*10 

54*40 

1*28 

0 360 


animals, 


North American Lards 



Specilic 

(Jiavity 



Melting Point 

Refiactivo 



Iodine 

Manin('n6 

Test 

(nen.scinanii’s Method). 

Index 

Observer. 


iit lOO C 

Value 





(Water at 15’ 

C. = l.) 

from 40’ C. 

Drop formed 

Melted to a 

Rutyro- 





clear drop 

rofrnctoineter 





at C. 

°C. 

at 40“ C. 





•c. 



" Degroo.s.'’ 


Head 

0*8637 

66*2 

33 

24 

44*8 

52*6 

Dennstedt 

0*8629 

66*6 

32 

21 

44 8 

52*5 

and 


0*8631 

65*0 

34 

24 

45*0 

52*0 

Voigtlander 

Back 

0*8611 

61*5 

37 

28*5 

48*5 

52*4 



0*8621 

65*0 

35 

28*5 

48*5 

51*8 



0*8616 

65*1 

38 

31*5 

46*0 

51*9 


Leaf 

0*8637 

62*2 


26 

45 

,51*4 



0*8615 

59*0 


29 

44 

50*2 



0*8700 

63*0 

30 

28*5 

44*5 

52*0 


Foot 

0*8589 

68*8 


24 

40 

44*8 


(hoof) 





45 

61*9 


Ham 

0*8641 

68*4 

38 

26 



0*8615 

66*6 


26 

44 

51*9 



0*8628 

68*3 


26 

44*5 

53*0 


Ham 

(German) 

0*8597 

65*0 

30 

32 

46 

49*2 

Dennstedt 

and 

Voigtlander 
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The following^ table due to Durier ^ may be given here. No. 1 
represents the lard from hogs fed on milk, chestnuts, and acorns, while 
No. II. is derived from hogs fed on milk, potatoes, and barley. 


l 

Oleo-refracto- 

Butyro- 


meter. 

refractometer 

Fat from 

At 45° C. 

At 45° C. 






L 

II. 

I. 

II. 

Mesentery 

-13-5 

-16-5 

45-2 

44-4 

Caul . 

-13 

-16 

45-4 

44-6 

Flair . . . 

-13 

-U 

45-4 

45 

Ham . 

-12 

-12 

45-7 

45-0 

Heart 

-11 


46-1 


Breast 

- 9 

-‘k5 

46-2 

47* 

f outer . 
Baok inner 

-10 

- 7 

1 464 

47-6 

-13 

-10 5 

1 45-4 

46-2 

1 mixture 

! -11 

- 9-5 

, 461 

406 

Head 

,-8 

- 5 

47-2 

48-2 


llefractlve 

Index. 

Iodine 

Value. 

Free Fatty 
Acids. 

At 45° C. 

Per cent. 

L ! 11. 

! 

I. II. 

I. 

II. 

1-4560 ! 1-4555 
1-4561 ! 1-4556 ; 

49-66 46-19 

0 641 

0-462 

49 65 46-67 

0-818 

0-307 

1-4561 1 1-4559 1 

50 54 ! 47 60 

0-217 

0-267 

1-4564 ' 1-4563 

53-59 : 52-53 

0 352 

0-307 

1-4566 ' . . 

56-37 1 . . 

0-271 


1-4571 1-4573 

68-67 1 58-64 

0 217 

0-282 

1-4569 ' 1 4576 

57-91 1 59 65 

0-149 

0 205 

1-4561 1-4567 

54 61 ; 55-08 

0 149 

0-231 

1-4566 1 1-4570 

66 64 1 57-37 

0-149 

0 231 

1-4574 1-4581 

61-46 1 67-53 

0 217 

0-257 


As a corollary I add the following table, setting out the percentages 
of stearic acid in lards taken from different parts of a hog : — 





Stearic Acid 


Fat from 

Molting Point 
’C. 

Iodine 

Absorption. 

Per cent 

Melting Point 
“0 

Observer 

Hoad 

34 ’8 

677 

8-67-9-47 

67-8-66’2 

llohncr andMitcholl 

Ham 

34 6 

61 '6 

8’74-9-02 

67 -5-67 -3 

' M M 

lireast 

36'8 

64’2 

ll'84-10-9 

67 ‘2-66-8 


Flare 

40'0 

52-8 

157-14-4 

66*5-67-2 

» ) P 

Baok 

35-6 

67 '9 

8 •59-9 -2 

67*66 -5 

Dunlop 

Kn-ia and Hafncr 

Kidney bed 
? 

50 

37*40 

63-4 

58 ’6 

19-2 

22*3 


? 

... 

45*6 

24-9 


Hchnci 


Lard derived from “ oily hogs ” differs from ordinary lard, as is 
shown by the following table, due to liiclmnlson ainl Fareij? 

^ ' Ann. des falsijic., 1909, 491 

‘ Joxm. Amer. Chem. »Soc , 1908, 1191 


[Table 
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Pure lard contains small quantities of unsaponifiable niatter. 
Allen and Thomson found 0-23 per cent, Lewkowitsch 0'35 per cent. 
The bulk of tlie unsaponifiable matter consists of cholesterol. It 
should be noted that the cholesterol can be readily obtained in well- 
formed crystals. As to the importance of the amount of unsaponifiable 
matter in the examination of lard for adulterants, see below, p. 719. 

Freshly rendered lard is practically neutral ; determinations made 
by several chemists of the free fatty acids gave the following numbers 


Free Fatty Acids as 

No. of 

Observer. 

Oleic Acid. 

Samples. 

Per cent. 
0-280-0 *420 

? 

Dietericli 

0-860-1-000 

12 

Wiley 

0-098-0-564 

21 

Spaeth 


Lard used in pharmacy and perfumery is usually preserved by 
“ benzoating,” i.e. by adding a small proportion of gum benzoin which 
apparently arrests the progress of hydrolysis. 

The increase of acidity on exposure to air in loosely-corked flasks 
is numerically shown in the following table, together with the fluctua- 
tions in the iodine number (Spaeth ) : — 


No. 

Free Fatty Acids ; c.c norm. KOII 
per 100 grins 

Iodine Value. 

Fre.shly 

rendered. 

After one 
your. 

After three 
jears 

Freshly 

rendered. 

After one 
year. 

A fter tl 

Fat 

ICO years. 

Tuquid Fatty 
Acids. 

1 

0-6 

6-4 

32-0 

63-25 

53-80 

39 26 

71-51 

2 

0-45 

2-75 

23-0 

61-15 

55-15 

39-37 

71 60 

3 

0-75 

7-80 

31 -6 

62-90 

61-85 

39 56 

72-48 

4 

0-80 

11-60 

50-01 

62 95 

48 80 

29 tl 


6 

1-25 

6-70 

36 0 

57-25 

49-40 

26 51 

64-30 

6 

0-35 

6-00 

30-0 

55-88 

47*80 

31-19 


7 

0-46 

8-40 

23-0 

60-10 

,51-01 

41-08 

69-20 

8 

0-55 

21-20 

41-3 

55-80 

37 -.50., 

22 97 


9 

1-45 

1-80 

10-0 

52-30 

52-20 

40-91 


10 

0 55 * 

9-60 

30 0 

57-08 

46-70 

33-69 


11 

1-60 

15-40 

46-0 

51 -75 

36-71 

21 -.56 


12 

0-65 

9*60 

33-0 

63-61 

49-00 

38-04 


13 

0-60 

4-20 

18-0 

52 35 

46-85 

36-18 


14 

0-50 

7-60 

32-0 

60-95 

52-72 

36-03 



The free fatty acids were separated into soluble and insoluble acids 
by washing the lards with hot water. Their relative proportions were 
measured by the amounts of normal alkali re(iuired to saturate the 
free acids. Tlie following table gives the details 


CorrespoTiding to 14 per cent of oleic acid. 
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No. 

Free Fatty Acid.s 
after throe years’ 
exi)08ure 

1 

Soluble Fatty Acids 

liKsoluble Fatty Acids.t 


c.e. normal Alkali 

c c. normal Alkali 

c c. noimal Alkali 


jM»r UM) Krms. 

jier 100 grins. 

per 100 grms. 

1 

32-0 

4T> 

27*5 

2 

23-0 

4-7 

18*3 


31 6 

4*2 

27*4 

4 

r.o 0 

8*1 

4 ] 9 

5 

36 0 

6 6 

29 6 

d 

30 0 

1 0 

26 0 

7 

23 0 

3*1 

29*6 

8 

11 3 

7*4 

33 9 

9 

10-0 

1*9 

8-1 

10 

30*0 

3*9 

*26 1 

11 

46*0 

7*1 

38-9 

12 

33*0 

4*1 

‘28 -9 

13 

18’0 

2*1 

15*9 

14 

32 0 

1 

4*4 

27 *6 


Lard (like butter and olive oil) used to be adulbu'atcd on the largest 
scale. Beef fat, beef stearine, cotton seed oil, cotton seed stearinc, 
and other vegetable oils were the adulterants most frequently em- 
ployed. In the United States of America admixture with foreign fats 
and oils had become an open acknowledged practice, nay, it had even 
been claimed that the addition of cotton seed oil constituted an 
improvement in the manufacture. Thus the American brand “ refined 
lard ” was found to be a mixture of lard with cotton seed oil, and a 
sufficient (quantity of beef stearine to obtain the consistence possessed 
by pure lard. Owing to the interference of the law in this and in other 
countries, the name “ refined lard ” has been abandoned, and has been 
replaced by such terms as “ compound lard ” or “ lard compound.” 
Some of these artificial preparations did not even contain any lard at 
all, being judiciously prepared mixtures of beef stearine and cotton 
seed oil or cotton seed stearine. These are now sold as ” lardless beef ” 
and under a variety of other fancy names (see Vol. III. Chap. XV. 
‘‘ Lard Substitutes ”). 

Water, which was often used as an acknowledged admixture, is 
not common at any rate in American lards imported* into Europe. 
Adulteration of this kind may be practised on a small scale, but is 
of little importance commercially. It may, however, be stated that 
in some countries lard containing water is demanded by the buyer. 
Thus for export to Cuba, lard is prepared which contains 25 per cent 
of water. In this case water cannot be looked upon as an adulterant 
as the admixture is openly acknowledged. Lard so prepared was sold 
a few years ago in Europe as a butter adulterant under the name of 
“ lardine.” 

In Austria refined cocoa nut oil is largely used as an adulterant, 
sometimes in conjunction with tallow. 

1 Evidoutly found by difference.’ 
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Polenske ascertained that lard dissolves about 045 per cent 
of water at 96° C., and 045 per cent at 42° C. (which may be 
looked upon as the average melting point of lards) ; in both cases 
transparent liquids were obtained. If a larger quantity of water be 
present, the lard is no longer able to hold it in solution, and forms 
then, according to the proportion of water present, either a turbid ' 
liquid or two layers, water separating out as a lower layer. Larger 
amounts of water than those stated above must be considered as not 
permissible. {Polenske determines, with the aid of an empirical table, 
small quantities of water in lard by observing the temperatures at 
which a melted lard remains clear.) 

I shall consider here chiefly the sophistication of lard with vegetable 
oils (notably cotton seed oil and cotton seed stearine) and beef stearin®. 
With regard to the latter it should be mentioned that the admixture 
of 5 per cent of beef stearine, as a “ stiffener,” was openly advocated 
by the trade as a necessary operation. Such admixture is now con- 
sidered under the regulations of the “ Foods and Drugs Acts ” of the 
different countries as an adulteration. In order to “ stiffen ” soft 
lard, lard stearine (see p. 741) is now used. The employment of the 
latter did not come into vogue previously, as it requires four to five 
times as much lard stearine as it formerly took of beef stearine to 
obtain the desired consistence. 

In the chemical examination of a sample of lard very little im- 
portance should be attributed to the outward appearance, which was 
stated some years ago to offer a ready means of differentiating adulter- 
ated from genuine lard, the adulterated lard being supposed to exhibit 
a more or less polished surface, whereas genuine lard, whether crude 
or refined, was said to show a fine crystalline texture and a dull wrinkled 
surface. A differentiation of genuine lard from adulterated lard on 
the strength of the consistence may have been approximately possible 
at the time when American hogs were fed on wheat and the lard was 
hard ; but since fattening with maize and also with cotton seed or 
cotton seed cake has been resorted to, the consistence has gradually 
become that of soft butter. It may be pointed out here that some 
Continental chemists endeavour to differentiate between American 
and home-rendered (leaf-) lards by the manner in which the melted 
lard solidifies (“ Wulslprohe,"' Langfurth 2). 

The following physical and chemical methods are those employed 
in the detection of adulterants in lard : - 

Specific Gravity. — The specific gravity should only be considered 
as a very rough corroboration of other tests, since some of the usual 
adulterants have nearly the same specific gravity as pure lard. IIow- 

^ Arheiten a. d Kmscil (I'esmdhntstiiiite, 1907 (xxv.), llt-ft 2, p. 505 Cp. Fischer 
ami Schellens, Unfits, d NaliKjx-K 1908 (xvi ), 163. Folcnshe, 1911, 

\. 30 (Analyst, 1911, 497). 

^ Cp also Soltsieii, Pham. Zed , 1894, 350. E. Beitter (Zeiis. /. Unlers, d, Nakrgs- 
u. OenassiiL, 1908 (xr.), 484) believes that home-remlered (German) lard can be 
differentiated from American lard by the occurrence of small quantities of soap in the 
former lard. * 
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ever, as some analysts still attach value to thil test it may be stated 
that cotton seed oil raises the specific gravity, as also does arachis oil. 
Therefore a sample having a higher specific gravity than 0-861 at 
100° C. must be looked upon with suspicion. 

The following table contains some specific gravities, reference to 
which will be found useful : — 


SjjeciJic Uiavitif of Lardy Lard Adidteraiits, and Compound Lends 



Spec die Ci.ivity at 

C. 


Kind of Fui 

37 8” (100 " F ) 
(W.iter 37 8-- 1 ) 

01) " 

(W-itt^r 155 1 ) 

100“ 

(Watei 10^1 ) 

ObhelMT. 

Pure Lird . 

0 905-0 907 

0 8o0-0 SOI 

0 85997-0 86191 

Allen, 

P.itlinNon, 

CranipLon 

Caul atearliio 


• 

0 8575-0 85792 

Cranipton 

Cotton .sood oil . 


0 86,8 0 8725 

0 .8072 

1’attiin.on, Allen 

,, 



0 86681-0 66771 

Leono and 

Cotton Hoi'd sjte.'iii no 

0 911-0 912 


0 86103 

Alien, CruinpLoii 

Hoof stcarmo , 


0 8570 

0 85441-0 85888 

PattiiiHOii, 

Cr.unptoii 

Ar.acliis oil 


0 8673 


Allen 

(Joco.i nut oil . 

0 910-0 916 

0 8736 


Moore 

Compound laid No. 1 



0 86121-0 86222 

Ciampton 

„ No 2 



0-86289 


Fairleij and Cooke ^ deterimned the specific gravities at 50° C. of the 
following mixtures of lard and cotton seed oil . - 


I I ir I 

1 finl, 0 0003S , Cotton I Hill, 0 ti'TiO , Cultoiij 
Seed Oil, 0 90hV'< ' .Socl Oil, 0 


L'lid With 10 poi coiil of cotton scol oil . { 0 00110 

n 20 ,, ,, „ . I 0-00200 

,, dO ,, „ „ . 0-00.102 

,, ■''0 ,, ,, ,, 0 90101 

„ 75 „ „ „ . 0'0073<: 


0 80210 
0 89.323 
0 89121 
0-89017 
0 39850 


Melting Point.— Although the melting point of a sample is not 
in itself of great importance (many adulterated lards having the same 
melting points as pure lard), still its determination should not be omitted. 
Tn the case of unadulterated hog’s fat it is jiossilile to ascertain from 
what part of the body the fat has been rendered ; this will be seen by 
a glance at tlie following table ; — 


’ Jvurn. Soc CJievi. JniL, 1890, 1162, 
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Melting Points of Jjirds from dffment 'pints of Ilog.s— 
Nodh J'lnciicaii and European 


- 

Source. 

Fat from 

McllitiK Point 

“ V, 

()b.se)\ei 1 

American , 

Foot (hoof) 

35*1 

Wiley 


Head 

35*5 


Leg 

42-5 

„ 


Ham 


, , 

European 

Back 

33 8 

Spaeth 


Kidney 

13 2 

,, 


Leaf 




In the last table^ one number only is "iven for the melting point. 
It would seem that this meltin'^ jioint only refers to the final point 
when the lard in the capillary tube lias bec.ome perfectly transparent. 
Since^ however^ lard in the process of meltinj^^ first commences to 
soften, then passes through a stage of translucency till it has melted 
completely to a transparent li([uid, and since this process extends 
over a range of several degrees, the interval should be stated, as is done 
in the following table ^ 


Melting Points of Lards (LeivLowdsch) 

lodiiK' Value. 

Lard from tho leaf of an English hog ^ . 

41 1-48 0 513 

Lard from the shoulder „ 

,3.3 9-42 8 

Lard from tho lorn „ 

33 0-42 2 

Lard from the back ,, 

27-2-33'0 

Irish bladder lard .... 

,3.5 ()-40-l 

English bladder lard 

33-0-45 

American lard .... 

28 0-4L1 

American^ lard .... 

33-0-42 0 

American lard .... 

31-7-43-3 02-3 

American lard .... 

30-0-41-1 


Cp. also table, p. 691. 

Goslcef taking the solidifying point of lard similarly as is done in 
the “ Titer test,” gives the following numbers : — 


‘ Cp also Dcniistedt .and Voigtlander’s table, p. 701. 
Cp. if. Witte, Zedschr f. a/ujnv. Ohm., 1913, 10. 
English lard rendered by the author in the laboratory. 
Jotirn. Soc. (Jhm. I mi , 1893, 470. 
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Fat. 


SolidifyinK Point. 
'C. 

Home-rendered lard 

European 

27-10-28-()2 

>> M 

,, 

2r)-G4-20-34 

>> n 


29- 10-29 95 

Pure steam lard 

North American . 

24-10-2G00 


„ 

2505-25-5 


„ 

26-40-27 0() 



24-9 


.. 

23-r)7-20-18 

Adulterated lard 


30-50 



29'73-29-80 

99 99 • 


29 90-30-15 

99 99 • 


31-95-33 00 

99 99 


35-90-30-58 

99 • 


35-50-35-75 


The adulterant in the last samples was tallow, the presence of wliich 
was masked by the addition of lard oil. 

Iodine Value. In the ])resent sta^-e of lard manufacture it is not 
possible to lay down limits within which the iodine values of com- 
mercial samples may vary. As the lower limit of the iodine value 
of European leaf-lard, 46 was "iven in the se<;ond edition of this work. 
During the last few years, genuine lards rendered in the author’s 
laboratory, from the leaf only, gave values as high as 53-G0’44. Yet, 
the iodine value of the lupiid fatty acids of the leaf-lard absolving GO-II 
per cent was 91-11 only. Nor can the upper limit of 03, given in the 
second edition of this work, be maintained, as recently North American 
lards of grade {d) have been imported, having iodine values exceeding 
even 70. A specimen of genuine North American lard examined in 
the author’s laboratory absorbed 7G-9 per cent of iodine (iodine value of 
liquid fatty acids 115-5). Still, a lard, the iodine value of which falls 
outside the range of 40 to GO, should be looked upon with suspicion, or 
in the case of lard above GO as inferior lard (see table, p. 711). It may 
be here pointed out that the lard from hogs fed on copra shows iodine 
values ranging from 32-5 to 42-5 (c-p. p. 080). The characteristics of 
sucdi lards are shown in the following table due to Gibhs mid AgcaoIJi ^ : — 



1 Uefiacto- ’ 
j iiu'lci 

1 roadiiijr .it 
40M'. 

S;il)oni- 

ll(-.-itinii 

Value. 

1 Iodine 
' Value 
, (ilanus). 

Tod Ilf' 

1 V.ilui- ot 
FaltN Adds. 

Molfinc 
Point of 
Fatty AckIh, 
'I'ltre 'I’est, 

Maximum . 

47-0 

213-7 

' 42-5 

1 46-2 

42-3 

Minimum 

. I 44-0 , 

204-C 

32-5 

30-2 

30-4 

Mean . 

45-3 i 

208-9 

, 37-7 

; 41-3 

40 4 


Of cour.se, the converse does not follow, namely, that a sample with 
an iodine ab.sorption within the limits named, must be pure, as com- 

* Philippine Jonrn of Scienee, 1910, 33 
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binations of fats of low (tallow, cocoa niit oil) and high iodine values 
(cotton seed, arachis, maize oils) enable the adulterator to prepare a 
variety of mixtures which will satisfy the limits named above. There- 
fore a normal iodine absorption cannot he considered in itself as a final 
proof of purity. Thus in the case of artificial lards made from steam 
lard, tallow stearine, and lard oil,^ to the exclusion of vegetable oils, 
the iodine value will, as a rule, lie approximately within the above- 
named limits. The following table, due to Goske, gives the iodine 
values of several artificial lards calculated from those of its components, 
based on the following iodine numbers : — beef stearine, 20 ; steam 
lard, 65 ; mutton tallow, 40 ; lard oil, 85. 


'at. 

' Beef 

Stearine, 

' Steam 
Lard. 

Mutton 

Tallocv. 

Lard Oil. 

Calculated 
Iodine Value. 


1 Per cent. 

Per eent. 

Pei cent. 

Per cent. 

I’er cent 

1 

: 10 

90 i 



00-5 

2 

15 

85 ! 



58 25 



70 

lio i 


57 50 

4 

25 

1 35 

45 

25 

40 = 

30 

59 75 
57-27 


The influence of exposure on the iodine value of lard may be gathered 
from the table, p. 704. 

Provided adulteration with foreign fats be excluded, it is possible 
to ascertain with some measure of accuracy, by means of tJie dodine 
value, from what part of the animal the lard has been derived. This 
is shown in the following table 

^ III tlie Uiiiteil States edible lard oil is too valuable to be iisi'd joi ])Uijioses of 
adulteration. 


[Table 
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Source. 

Fat from 

Iodine Value. 

Observer. 

Noith Aniencaii 

Head 

86-03 

Wiloy ‘ 



66 2-70-4 

V. Raumer 



66-0-60 *6 

Dennstedt and Voigtlander 



66-0-69-7 

Mans 



63 

Dupont 


Foot (hoof) 

77-28 

Wiley 



69-6-69-6 

V. Raiimer 



68-8 

Dennstedt and Voigtliinder 



69-4 

Mans 



65 

Dupont 


Back 

63-6-66-7 

V. burner 



64-7-66-3 

Mans 



61-6-66-1 

Dennstedt and Voigtlander 



61 

Dupont 


Leaf 

68 

Spaeth 

Wiley 



.63-1 
.62 .65 



60-1-66-7 

V. Baumor 



69-63 

Dennstedt and Voigtlander 



63 3-66-0 

Mans 


Ham 

67-7-69-0 

V. Raumer 



66-6-68-1 

Dennstedt and Voigtlander 



68-4-70--t 

Mans 


Buts 

60 

Dupont 

South Aiiioiicaii 

Head 

69-7 

Tortelli and Buggeri 


Ihick 

.66-0 


rauiich 

.68-2 



fiCaf 

61-2 


1 

Kiiio[)eini -(leniiaii . 

Hack 

.63 0-.68-.6 

V. Raumer 


61 7 



Leal 

60 4 



Ham 

65 0 

Dennstedt and Voigtlander 

Italian . 

Head 

.69 2-68 

Tortelli and Riiggen 


l)ack 

60 5-61 1 

,, ,, 


Pauncli 

61-69 0 

) 1 u 


Leaf 

53-1-67-4 

.. 





. 


Steam lard, consistino as it does of the mixed fats from all, or from 
different parts of the animal, may therefore in some cases have a normal 
value, say up to 63, in other cases it may absorb more iodine, even as 
much as 76-9 {Lewkowitsch). 

It will thus be obvious that the iodine value of the fat affords 
but limited information. Nor can the determination of the iodine 
value of the liquid fatty acids, which up to recently did furnish reliable 
indications of admixture of vegetable oils and fats be considered as 
leading to a definite decision regarding the presence of adulterants. 
Whereas up to about fifteen years ago the rule held good that in the 
case of European lards, the iodine value of the liquid fatty acids varied 
between 90 and 96, and in the case of American lards between 95-2 
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and 106, these limits no longer apply ; for, whilst Bmer found in a 
Westphalian lard, rendered by himself, the iodine value of the liquid 
fatty acids at 103*5, Lewkowitsch found in a North American lard as 
high a number as 115*5 from “ oily hogs.” 

Even these high figures are exceeded by the iodine values of Chinese 
and Japanese lards from the back, and of their liquid fatty acids, as 
will be gathered from the table given on p. 719. Chinese lards have 
been imported already into Europe (Hamburg), and it appears also that 
lard from Cochin-China has been shipped to Franco. 

In order to emphasise the importance which the iodine value has 
in the examination of lard, the author has compiled the following 
tables : — 



Iodine Value of 

Observer. 

Fat or Oil. 

Fat 

Liquid Fatty 
Acids. 

Lard, “ We.stern Steam Lard ” . 

65*4 

104*5 

Wallenstein 
and Finck ^ 

,, Amcnoan (18 samples) 

.’'>8*4-62*9 

95*2-104*9 

Bonier 


98-115*5 

Ijcwkowitsch 

,, Berlin 

52*7 

96*6 

Wallenstein 
and Finek 

„ Vienna 

60*9 

95*2 

>) 

,, Hungarian .... 

60*4 

96*2 

,, 

,, Koumanian 

59*5 

96*0 

V. Raumoi*'^ 

,, Havanan (5 sample')) 

.52 2 61 *2 

92 8-96 6 

,, Wostplialian .... 

.52 

93*5-103 7 

Bonier 

,, South Ameiican 


92*8-100 6 

Toitelli and 
Ruggeri 

„ I tall. in 


92-105*3 

Wallenstein 
and Finck 

Beef tallow, Australian 

38*3 

92*2 

,, Berlin .... 

45 2 

92*4 

,, 

,, Hungarian 

38 6 

92*7 

,, 

Cotton seed oil, Amencan, white 

108 0 

117*5 

M 

„ ,, ,, y*dlow 

107*8 

117*3 


,, ,, Egyptian, blcachod 

106*5 

116*8 

,, 

,, ,, ,, yellow 

108*0 

118*2 

,, 

,, ,, I’eiuvian . 

106*8 

^ 147*8 

Bollici 

” (’ 

104 6-105*7 

141*9-144 5 

Wallenstein 
and Finck 

Niger .seed oil 

133*5 

1 17*5 

,, 

Mai/e oil 

122 0 

140*7 

,, 

Araehis oil 

98*9 

128*5 

,, 

Rape oil 

101*1 

120*7 

,, 

Olive oil 

79 3-81*7 

96*4-96*7 

Bonier 

I ^ 

Cocoa nut oil 

8*0 

54*0 

Wallen.stein 
and Finck 


* Jovrn. Hoc. Chem. Tnd., 1894,79. 

ZeUs.f. Unters. d. Nahrgs- u. Oemtssw,, 1898, .''>39. 
^ Zedsc'ltr.f. angew. Chem , 1897, 210. 
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lorliiio Valufl of 

Obsenvei 

Source. 

Fat. from 

Fat. 

I liquid Fatty 
Acids. 


North American 

Hoad I. 

70-0-70-4 

102 4 

V. Raumoi ^ 


„ II. 

66-2-66 -4 

97-8-97-6 



„ HI. 

68 2-68-4 

101-2 

yf 


Back I. 

64 -6-64 -9 

101-6-101-0 



„ II. 

68 -6-68 -6 

102 8-102 3 



„ HI. 

66-r)-66 7 

100-6-101-1 



Leaf I, 

66 4-66-7 

108 0-102-6 

yy 


„ II. 

62-7-62 9 

97-8-97-8 

yy 


„ HI. 

60 4-60-7 

96-9 

yy 


Foot 

69-5-69 6 

98-6-98 8 

n 


Ham I. 

67-9-67*9 

101 6-101-0 

1 t 


„ II. 

67-7-67-9 

99-9-100 2 

M 


„ III. 

68 7-69-0 

108-0-103-2 

yy 

South Ameiicaii 

Head 

59 7 

100 6 

Toitelh and Riiggen''^ 


Back 

56 0 

96-4 

M M 


i’annch 

58 2 

99-1 



Leaf 

5t 2 

92-8 

,» 

Italian 

1. Head 

68 0 

98 2 

Toitelli and Hiiggeii 


Back 

64-4 

104 -2 



Faiinch 

66-6 

105-8 

,, ,, 


Leaf 

57 2 

98-3 



11. Head 

65 9 

98-0 



Back 

68 9 

98-5 



I’auneh 

♦>7 1 

99 8 

1, n 


III. Hoad 

59 '> 

95-5 

>) *» 


Back 

60-5 

100-6 



Baunch 

61 0 

97 9 



Ijcat 

53-1 

92-0 



IV. He.id 

65-6 

108-8 

1 . n 


Back 

61 9 

102 8 



Ikiunch 

69-0 

101 9 

11 M 


Leaf 

57-4 

94-0 

11 1> 


Owin" to the wido variations wliioh tlie iodine values of the ]i({ui(l 
fatty acids exhibit at present^ th(‘.y no longer afford the same certainty 
in judging a sample of lard as they did some years ago : we must even 
expect that the iodine values of genuine lards will slowly move in tlie 
direction of the upper limits. Whilst, then, the iodine value of the 
liquid fatty acids does not afford a definite means of detecting adultera- 
tion, still the determination of this value should not be omitted, since 
it furnishes cumulative evidence in the examination of those samples 
which must be regarded with suspicion. If the iodine value of the liquid 
fatty acids of a sample be found much above 110, a presumption 
is raised that adulteration with vegetable oils — such as cotton seed 
oil, maize oil -has taken place. On the other hand, if the iodine 
value of the liquid fatty acids lie much below 90, admixture with 
cocoa nut oil or palm kernel oil must be assumed. 

^ Zeitschr. /. angew. ('hem , 1897, 210. ^ L’Orosi, 1900, April 
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It miistj however, be repeated that if the iodine value of a sample 
under examination is found within the permissible limits, the lard 
cannot yet be pronounced unadulterated. The admixture of a liquid^ 
vegetable oil may have been compensated by the addition of cocoa nut 
oil or to some smaller extent by beef tallow. 

This test must, therefore, be supplemented in doubtful cases by 
special tests for cocoa nut oil and for tallow (see below). 

Thermal Tests. — As a preliminary test, and in cases where a 
large number of samples must be examined quickly, the rise of tem- 
pei'ature on mixing with concentrated sulphuric acid or with bromine 
may furnish useful results in a short time ; this holds especially good 
of the second reagent. 

Maumene Test . — The rise of temperature which occurs on mixing 
the sample with sulphuric acid has been recommended for the detec- 
tion and even for the approximate estimation of cotton seed oil in lard 
by Hehner^ Amlmhl, Wiley, and Engler and Rupj), whereas Willianis 
failed to obtain decisive results. Since the modern methods of fat 
analysis have been introduced the examination by tlie Maumene test 
has become superfluous. In the opinion of the author too much value 
is ascribed to this test. However, as it is still being used, especially by 
French analysts, the following notes may be found helpful : — 

The numbers obtained by diflerent experimenters vary so con- 
siderably, that the safest plan is to make comparative tests with pure 
specimens of lard and cotton seed oil before examining the sample. 
It need hardly be mentioned that the sample must be thoroughly dry 
before testing. The following table contains a few numbers obtained 
by various observers 


1 Amayd, ( 1888 ), 160 . 


[T.able 
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In order to obtain more decisive results the liquid portion prepared 
by expression may be also examined (Langfurth). 

Heat of Bromination , — The following numbers were obtained by 
Hehner arid Mitchell ; ^ the iodine values calculated from the tempera- 
tures observed are collated with those actually found with HilbVs 
solution 


Fat. 

I 

Heat of Bronil- 
nation. Rise of 
Tomperaturo. 

•c. 

11. 

lodino Value 
Experiment. 

111. 

Iodine Value 
calculated 
from I 

Per cent. 

Per cent. 

Lard No 1 

10-6 

r)7*15 

58*3 

,, 2 

10’4 

67*13 

57*2 

,.3 

11-2 

63*11 

61*6 

„ 4 ..... 

11*2 

61*49 

61*6 

,, ,5 

11*8 

54*69 

64*9 

,, 6 

11*8 

63*96 

64*9 

,, 7 

10*2 

.57*16 

56*1 

„ 8 

10*4 

57*80 

57*2 

,, 9 

9*0 

50*38 

49*5 

„ 10 . ... 

11*0 

68*84 

60*5 

Lard -f 10 per cent cotton seed oil 

11*6 

64*13 

63*8 


Refpaetometrie Examination. — The refractometric examination 
should only be employed as a preliminary test. The numbers recorded 
in the following tables will then be found useful. It should be noted 
that the difference between European and American lards is not quite 
so distinctly shown in the refractometric indications as in the iodine 
absorption numbers. 


Befractive Indices determmed by means of the Buiyro^refraciometer 


r“ ^ ■ 

• 

Kind of Fat. 

Kuropcan 

Anioricaii. 

Scale Divisions 
at -10^ C. 

(.)bsor\or. 

Scale Divisions 
at '10^ C 

Ob9er\er. 

Lard from liead . 



52-52 6 

Dennstodt 





and 





Voigtlandor 

,, „ l.ack 

,50*2-50*4 

Mansfeld 

51*8-52*4 

,, 

„ ' leaf . 

61 2 


50-2-.52 

,, 

,, ,, outer part of 





leaf 

.50*7 

,, 



Lard from Lelly , 

50 4 

,, 



,, ,, inte.stines . 

49*0 

,, 



,, ,, foot . 



44-8 

,, 

,, ,, ham . 



51*9-53 

Bomor 

„ • 

49*1^ 

Bonier 

497-51'8^ 

Beef tallow 

49*0 

Mansfeld 



Horse fat . 

53*7 

>> ! 



Cocoa nut oil 

35*5 



1 

Cotton seed oil . 

61 

n 1 


j 


^ Journ. Soc. Chem. Tnd., 1897, 88. Liqiiul Fatty Aciila, 42-8-42'2. 

^ Liquid Fatty Acids, 43 1-447. 
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Deviations in the Olco-refrachmeter {Amaijat ami Jean) 


Kind of Fat or Oil. 

“ ill the Oleo-rofiaclometer. 

I\it. 

Kiitly Acids. 

Lard . . . . 

- 12*5 

-30 

Stoani lard . . . . 

- Id 

-30 

Lard ateaiiiie ... ... 

- 10 to - 11 


Beof tallow 

“16, -17 

-40 

,, stcariiiG ... 

-;n 


Veal tallow .... 

- 19 


Cotton seed oil 

•t-20 

4-10 

,, stcaniio. 

1 25 

t-20 

Se.same oil . . 


-18 

Arachi-s oil . 

-i 5 


Lard with 10 [ht cent of betd’ billow 

- 12 


„ M „ 

- 1.1 



-11 

-33 

,, ,, 5 ,, cotton seed oil . 

- 10 


• t II 10 ,1 I) II 

- 8 


II 1 1 n II II 

7 


II II '^O IJ 1) M 

- 6 



- 5 


II 11 dO ,, 1, ,, 

- 4 


II 1 1 d 0 1 , 1 , 1 , 

0 1 



- 3 


1 , ,1 5 „ „ steal me 

- 11 

1 

II 1 1 10 II II 11 

- 7 


11 11 •^O |] II ,1 • 

- 4 


II 1 1 dO ,, II ,1 

- 3 


II II dO II 11 II • 

- 2 


II II *^0 ,, II II • 

+ 1 ♦ 


Lard with 20 per cent of araehis oil . 

- 8 

-23 

,1 ,, 20 ,, .sesame ,, 


- 20 

,, 40 per cent ; heef tallow 10 ])er cent , 



cotton .seed oil 20 }>er cent 


- 24 

Steam lard 60 per cent; beef tallow 15 pei 



cent ; arachis oil 25 per cent 

- 8 


Lard 60 per cent ; mutton tallow 25 ]»er cent 



araehis oil 15 j)er cent 

- 13 

-22 

Cocoa nut oil 

-54 



From the following table, due to Dupont,^ it will be seen that American 
lards show smaller deviations than European lards ; if judged solely 
by the standard of European lards, they might be rashly condemned 
as containing cotton seed oil : — 


^ Journ. K^oc. Chan. Ind., 1895, 828. 
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Anioncan Lard. 

Oleo-refractoineter. 

Deviation, 

Iodine Value, 

From leaf 

-11*5 

58 

,, back 

- 5 

61 

,, mtestmes 

-7 

62 

,, head 

-7 

68 

,, loot 

-4 

65 

Gut lard 

-11 

60 

Rancid lard . 

-7 

68 

„ lard . 

- 6 5 

64 


The influence of rancidity on the refractonKitric index is illustrated 
by the numbers given in the following table ; they are contrasted with 
the Reichert-Meml values (Spaeth ) : - 


“ Degree.s ” in the Dutyro-refiacto- 

Uciclieit-M(‘ihsl 

1 inetei calculated foi 25’ C, 

Valuer 

After 1 year 

Aftei 3 yeais. 

After 3 yoais. 

1 

59-85 

62 60 


60 21 

62 80 

4*3 

60 49 

62 45 

9-86 

57-71 

58 75 

1 82 

60 85 

62 70 


61 -35 

68-10 


58-14 

63-1 

8-74 




The refractive indices rise in the same firoportion as do the iodine 
values. This is^ of course^ due to the inhuenco of the unsaturated 
fatty acids (the amount of which is indicated by the iodim; value) on 
the refractive index. Ihis will be gathered from the following table : — 
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Lard. 

Butyro-re- 
tractometei. 
“DegrecH” 
at 40“ C. 

lodim 

Of Fat. 

Value 

Of Liquid 
Fatty Acid.s. 

Solidifying 

Point 

C 

Melting 

Point 

-c. 

Observer. 

Chinese Lard 

50-0-537 

.58-1-82-0^ 




Earnstciner ^ 

Chinese fat from back 

53 3-54-4 

79-80-8 

113-3-121 7 




Japanese fat from back 

53 -8-57 -3 

80-0-101-7 

124-2-138-7 




Jajjanese fat from liam 

51-4-55-9 

71-5-98-6 

llM-131-5 




English lard from : — 







Leaf 

48-4 

55-9 1 


30-5-32-7 


Dunlop 

Leaf 

48-1 

j 53-0 j 


30-5-31-5 



Kidney bed 

48 3 

55-3 


33-3-33*7 



Kidney bed 

48-2 

.53-4 


33 7-35 0 

50 


Kidney bed 

49-2 

.58-1 


27-0-27-8 

43 


Leg . . . 

48-6 

57-5 


29-0-30-0 



Leg ... 

50 0 

64-1 


21-3-25-5 

37 


Leg 

50*0 

65-4 


27-6-27-9 


f 9 

Head (check) . 

49-1 

62 9 


26-0-26-7 


M 

Back . 

49-0 

58-4 


•28-0-28-3 



Back 

49-7 

64-2 


26-7-‘26-8 

38 

1 1 

Back 

1 60-7 

67-9 


25*3 

36 

>> 


The doternii nation and investigation of the unsaponiflable 
matter is of importance in the examination of a suspected lard. 

In the early years of lard manufacture on a large scale^ adulteration 
with paraffin wax^ uj) to 20 per cent^ had been practised in the United 
States ; but this mode of adulteration was soon abandoned. During the 
last few years American lards have been imported containing about 
2 per cent of unsaponifiable matter^ consisting chiefly of paraffin wax.^ 
This may have been introducial into lards adulterated with vegetable 
fats, in order to defeat the indications furnished by the phytosteryl 
acetate test. lUit if this b»‘ the only reason, the adulteration would 
be a very clumsy one, for the added paraflin wax woul^ amount to over 
1-5 per cent of the lard, a (piantity that can be readily recognised by 
the appearance of the acetylated unsa[)onifiable matter when crystallis- 
ing it from alcohol. A ra])id ‘‘ sorting test ” for the detection of- 
paraffin wax in lard is given as follows : 3 c.c. of the melted fat and 
10 c.c. of a mixture consisting of eipial volume of absolute alcohol and 
chloroform are heated until a clear solution results and thj^n cooled in 
cold water. Thompson and Hurst ^ state that 1-5 per cent of paraffin 
wax gave a turbidity within 3 minutes. (As to another likely reason 
for the large amount of added paraflin wax, see below, “ Wesson’s 
test.’*) Polenske^ has shown that (juantities falling below OT per cent of 
paraffin wax (reckoned on lard) are sufficient so to depress the melting 
point of the acetates in the phytosteryl acetate test that the presence 
of vegetable fats in a lard would no longer be rec.ognised.® 

^ In four .specimens 82'l-85. 

Zeitn. J Unteis. d. Nahr(js- u. (Jenussm., 1905 (x.), 70. 

** Olig and Tillmau.s, Zdts f Unteis d. Nalirqs- u. (wenussm , 1905 (ix. ), 597. 

4 Chem. News, 1910, 109. 

® Arbeiten. a. d. Raised. Gesuiidheitsamte, 1905, xxii. 676. 

Cp. Vol. I. 584. 
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Whereas adulteration with vegetable oils and fats can be detected 
with certainty by the phytosteryl acetate test, the recognition of beef 
tallow and beef stearine (“ oleostearine ”) presents considerable diffi- 
culties, the more so as small quantities, down to 5 per cent, may repay 
the cost entailed in the mixing. 

In the following lines special methods for the detection of the more 
important adulterants are indicated. 


Vegetable Oils and Fats 

The phospho-molybdic acid test (Vol. L Chap. Vll.) has been 
recommended by several observers as a method to indicate with cer- 
tainty the presence of vegetable oils in lard. The author has, how- 
ever, shown ^ that a slightly rancid lard also reduces the reagent, and, 
furthermore, that an admixture of less than 15 per cent of cotton seed 
oil with pure lard cannot be thus detected. This test can therefore 
only be admitted as a preliminary one. The author’s experiments 
have been repeated and confirmed by other observers (Samelson and 
Tennille). 

The surest proof of the presence of vegetable oils is obtained by 
the phytosteryl acetate test.^ Plven 1-2 per cent of vegetable oils 
may thus be detected. Since this test is somewhat cumbersome and 
lengthy in the practice of an analytical chemist, and will therefore 
only be resorted to when other methods fail to give a decisive answer, 
the determination of the iodine value of the sample and of its liquid 
fatty acids should be looked -upon as the readiest means of furnishing 
preliminary information. 

If the probable presence of a vegetable oil has been indicated by 
an abnormally high iodine value, one of the following four oils should 
be specially looked for : — Arachis oil, sesame oil, cotton seed oil (cotton 
I seed stearine), maize oil. 

Arachis Oil. — This can be approximately calculated from the 
amount of aracliidic acid obtained. It should be emphasised that it is 
necessary to determine the melting point of fne “ arachidic acid ” ; if 
it be found to be below 7(f C., the precipitate must be recrystallised.^ 

Sesam6 Oil. -This would be readily detected by Bandouin’s 
reaction. It should, however, be noted that quite recently Konig and 
Schliwkebier ^ demonstrated that on feeding pigs with sesame cake the 
substance which gives the Baudouin reaction passes into the body fat. 
This was proved by examining the fat taken from five different parts 
of the animal (head, back, leaf, ham, intestines) which had served for 
the experiment. 

^ Lewkowitscli, Journ. Soc. Chem. Ind , 1894, 619. 

“ Klamroth, Inaug. Dissert., Munich, 1911. 

■* Cp. W. B. Smith, Journ. Amcr. Chem. Soc., 1907, 1756. 

Zeds. f. Unters. d. Nahrgs- u. Oenussm., 1908 (xv. ), 648. 
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Cotton Seed Oil (Stearine). — For the preliminary detection of 
cotton seed oil or cotton seed stearine in lard the colour reactions 
described p. 203 may be employed. The most useful amongst these 
is the Halphen test. It has been stated already that an over-estimation 
of the indications furnished by this test may lead to grave errors. If a 
positive Halphen colour reaction has be^n obtained^ the presumption 
is faised that the sample of lard is adulterated with cotton seed oil. 
It must, however, be distinctly understood that no more tlian a pre- 
sumption is raised, for a positive test does not indicate with certainty 
that cotton seed oil is present, nor does a negative test prove its absence. 
For, as pointed out already, the colouring matter contained in cotton 
seed passes into the lard from hogs fed on cotton cake. This has 
been placed beyond doubt by .several observers (Langfurih^ Soltsien^ 
Fulmer ^). Hence it would be entirely misleading to conclude from a 
positive Halphen reaction that cotton seed oil is present. More erroneous 
still would it be to judge from the depth of the tint as to the approxi- 
mate amount of cotton seed oil present. I lay stress on this, as attempts 
have been made to convert the Halphen test into a colouriinetric 
quantitative reaction. Langfurth has shown that lard obtained from 
a hog fed experimentally on cotton cake gave as strong a colouration 
as was obtained by a mixture of lard with 30 per cent of cotton seed oil ; 
he therefore rightly points out that the quantity of lard obtained from 
a single hog fed on cotton cake would be quite sufficient to contaminate 
a tank-car of lard, so that the mixture would give a very distinct 
colouration in the Halphen test. 

Fulmer has more recently carried out systematic experiments by 
feeding pigs with cotton seed meal and testing the fat obtained from 
different parts of the body of the animal. The chromogenetic sub- 
stance in cotton seed oil pas.ses into all parts of the body, but the 
intensity of the Halphen test was found greater in the fat from the 
leaf and back than in that from tho head. Judged solely by the Hal- 
phen test, the conclusion might have been derived that some of the 
lards contained up to 15 per cent of cotton seed oil. 

Dunlop ^ confirmed this by examining lards from a pig which 
had been fed for six weeks with decorticated cotton seed meal (from 1 
to 1-5 lb. per day). The numbers in the last column of the following 
table give the percentages of cotton seed oil that might have been 
judged to be contained in the lards, if the Halphen test alone were 
taken as the guide. 

’ Zeitschr.f. angew. Chem., 1901, 685. 

" Zeitschr.f. ofcntl. Chem., 1901, 140. 

^ Joiirn. Amer. Chem Sac., 1902, 1148 ; 1904, 837. 

Journ. Soc. Chem, I ml., 1900, 458. 
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Lard from a Luj fed on Cotton Seed Meal 


Part of Animal. 

Iodine Value. 

llulyro-refiacto. 
meter at 40" C. 

“ Degrees,” 

Cotton Seed Oil, 
by Halphen’s 
coloiu test. 

Pei cent. 

Shoulder . 

67-8 

50-7 

10 

Leg .... 

G5-1 

50-3 

8 

Hack . 

04-8 

GO-0 

10 

Leaf . 

i 58-3 

49-0 

2 

Kidney bod 

i 58*3 

i 

49-0 

6 


If therefore on examining a specimen of lard, a colouration has been 
obtained, further tests must be applied, especially the phytosteryl 
acetate test. Indeed, Tolman ^ has shown that the lards obtained by 
Fuhner from pigs fed on cotton seed meal gave normal numbers in 
the phytosteryl acetate test. In the absence of vegetable fats a positive 
Halphen test would therefore indicate that feeding with cotton seed 
or cotton seed meal had taken place. If employed with due pre- 
caution, the Halphen test will be found a very useful preliminary test, 
especially in those cases where a large number of samples must be 
examined rapidly. A negative Halphen test, as has been pointed out 
already, does not prove the absence of cotton seed oil, since cotton 
seed oils which have been heated do not give a colouration with Hal- 
phen’ s reagent. 

If the Halphen reaction gives a negative result, the nitric acid test 
juay b# usefully applied as a further preliminary one, for, as shown 
above (p. 204), cotton seed oil after heating still gives a brown coloura- 
tion. But it must be remembered that lards from liogs fed on 
cotton cake also give a brown colour. Still, the absence of a brown 
colouration may indicate the absence of any considerable quantities of 
cotton seed oil. 

The reduction of silver nitrate (by any of the methods described 
p. 205) by no means proves the presence of cotton seed oil. Lard 
obtained from hogs fed on cotton cake reduces the Becchi reagent 
strongly. Even lards obtained from normally fed hogs occasionally 
reduce silver nitrate solution Mariani, Bevan^), 

As an example a specimen of lard examined in the author’s laboratory 
gave the following indications :~ 

Iodine value of lard , . . 76*6 

Iodine value of the liquid fatty acids . . 115-6 

Unsaponifiable matter . . . .0*36 per cent. 

Halphen test ; a slight colouration was observed, such as would be indicated 
by a lard containing an admixture of about 6 per cent of cotton seed oil. 


^ Jouni. Chevi. Soc., IPOfj, .^>89. 

Jmifn. Chem. Soc.^ 1894, Abstr. II. 75. Analyst, 1894, 88. 
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The high iodine value in conjunction with th# positive. HalpheM 
test raised tlie presumption that this lard was adulterated with cotton 
seed oil. Hence the examination by the phytosteiyl .acetate test 
became imperative. 

A preliminary microscopic examination of the unsaponifiable 
matter (cp. Vol. I. Chap. IX, (a)) showed that phytosterol was absent, 
the characteristic crystals of cholesterol only having been observed. 
The unsaponifiable matter was then examined by the method described 
(Vol. 1. Chap. JX.) with the following result 


(Crystals. 

2ik1 crop 
3rd crop 
4th crop 
5th crop 


Mclfiiijz Point. 
"C. 

. 113 

. iH-iitn 
. 115 

. 11.3-114 


From these results it became evident that the lard was free from 
cotton seed oil or any other vegetable oil. 

As lard gives a licpiid product with sulphur chloride, which is 
soluble in carbon bisulphide, % cotton seed oil may also be detected 
qualitatively by means of that reagent {B. Warren, Jones ^). In the 
presence of cotton seed oil a hard mass partly insoluble in carbon 
bisulphide is produced. 

I'he author has tried this method and found it useful as a prelim- 
inary test. His observations are given in the following table : — 


Mixtures of Lard and Cotton Seed Oil (Lewkowitsch) 

5 grms. of fat dissolved in 2 c.c. CSg, added 2 c.c. S 2 CI 2 , and placed 
on the water-bath 


« I-iluI 

IVi cent 

Cotton Seed Oil. 
Per rent. 


Solubility Ilf Product m 
Carbon ni,HUl|)h!(U', 

100 

0 

No leaction 

Coiiipletoly soluble 

00 

10 

Thickens alter 35 iniimle.s 

I> M 

1^0 

20 

,, ,,30 ., 

52 jtcrcciit,, 

70 

30 

„ 26 „ 

39-6 ,, • ,, 

00 

40 

, .. IS „ 

34’8 ,, 

50 

.50 

Solid al'tci 10 ,, 

37-4 ,, 

40 

60 

,, > , 3 , , 

30-0 ,, 

80 

70 

,» M 

32-6 ,, ,, 

20 

80 

M ^ M 

30-0 „ 

10 

90 

II 1 » ^ M 

1 28-4 „ 

0 

100 

II II ^ II 

24 „ „ 


It is advisable to test the sample side by side v(ith pure lard, or better 
still, with mixtures of lard and cotton seed oil (or cotton seed stearine) 
prepared in a similar fashion to that illui?trated by the table. 

1 ATUilyst, 1888, 170. 
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Maize Oil.— If^arachis and sesame oils are absent, an abnormally 
high iodine value can only be due to cotton seed oil or maize oil (with 
regard to Chinese lard, see above). The solidifying point of the mixed 
fatty acids would in this case lead to a' decision if only one oil be present. 

If both are present, this method breaks down.^ 

If the iodine value of the lard or of tlic mixed fatty acids is abnor- 
mally low, then the presence of cocoa nut oil or palm kernel oil may 
be suspected. 

Cocoa nut oil or palm kernel oil will be recognised by a high 
saponification value, and especially by a definite Reichert value and 
a notable amount of insoluble volatile acids of the sample. 

In order to render the indications of this test still more decisive, 
the suggestion made by Mecke ^ may be adopted, viz. to treat one 
part of the sample with two parts of 95 per cent alcohol at about 
60° C. with frequent shaking. Cocoa nut oil passes into the alcohol to 
a much greater extent than lard does. After distilling off the alcohol 
from the alcoholic solution the residual fat is examined, when its 
saponification value, Reichert value, titration number of the insoluble ^ 
volatile acids (see “ Butter Fat ”), and also the iodine value will afford 
important information. Morrschock ^ has shown that in case pure lard 
is tested as described here, the extracted fat is characterised by a 
considerably higher iodine absorption than that of the original lard. 

Experiments carried out by Arnold ^ according to the method de- 
scribed p. 699, and detailed in the following table, show the manner in 
which this procedure may be applied for quantitative purposes 


’ ('p. MTlierson and W. A.' Kuili, Joum, Amer. Chen). Soc,, 1007, 021 
^ Zettschr.f. olfcntt. Qhem.., 1004, 0. 

‘‘ 'Aedsi.f. tJnter'i. d. Nahr</s- u. OenntiSii)., 1001 (vii.), fiSO. 

Zeit.s, f. t'nten. d. Nahrgs- v. CniuMm., 1907 (xiv.) 170. 


[Table 
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In doubtful cases the phytosteryl acetate test — prodded other 
vegetable oils be absent — will furnish eonclusive evidence:^ 


Animal Fats 

The detection of tallow and (or) beef stearine in lard is a difficult 
problem^ and can only be solved successfully^ in the present state of 
our knowledge, by strict comparison with samples of pure lards from 
different parts of the body of hogs, and of the same lards mixed with 
known proportions of the suspected adulterant. This problem is 
rendered all the more difficult as lards of different origin vary greatly 
in their composition, as is shown in the above-given tables. 

The first attempts to detect small quantities of beef fat or beef 

“ stearine ” in lard were made in the year 1883 by Belfield and by 

Delafontaine, both basing themselves on the method published by 
Husson ^ in 1878. 

Belfield claimed to be able to detect 10 per cent of beef stearine 

in lard. He directed to dissolve the sample in ether, and examine 

under the microscope the crystals which separate from the ethereal solu- 
tipn. Forty drops of the melted lard are dissolved in 10 c.c. of ether in a 
test-tube and allowed to cool {Pattinsoii ^). Should no crystals form, 
the cork is removed from the tube and a loose plug of cotton-wool 
substituted, when crystals will be obtained by the sponta leous evapora- 
tion of the ether. If the crystals have been formed too rapidly it is 
best to redissolve them by addition of more ether. Some of the crystals 
are then placed on an object-glass and examined microscopically. 
Crystals from pure lard usually form oblong plates — either singly or in 
bunches— and have oblique tvTininals, whereas those from beef tallow 
form curved tufts of very thin needles somewhat of the shape of an 
(“ plumose ” crystals). Cp. Figs. 8, 9, 10. 

The author examined microscopically the crystals obtaihed from 
specimens of leaf lard, lard from the loin, lard from the shoulder, and ]ard 
from the back, all of which were rendered in his laboratory. Forty drops 
of the melted fat were dissolved in 10 c.c. of ether, and were allowed to 
crystallise under exactly the same conditions ii^ corked test-tubes. ^ 

In the case of leaf lard, bunches of crystals were obtained, which 
under a low power of magnification appeared as needles, but under a 
higher power were distinctly discernible as plates. 

The hvdfromdhe shoulder yielded some isolated plates, but mostly 
bunches, radiating from a centre point in all directions, thus forming 
a whole circle or parts thereof. There also appeared bunches of crystals 
which were very similar to tallow crystals ; yet under a high power of 
magnification they showed the chisel-shaped ends characteristic of lard 
crystals. Small bunches of crystals were, however, noticed which were 
indistinguishable from beef tallow crystals. Moreover, in various 

^ With regard to Robin’s method, cp. Annal. ('hm, Analyt. AppL^ 1907 (12), 87. 
Hoton’s acetic acid test is referred to in Vol. I. Chap. V. 

Journ, Pharm. Ohim. (4), 27, 100. ^ Jmirn. Soc, Cheni. Ind,, 1889, 30. 
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preparations the plates did not even predominate over those crystals 
’''which appeared to be most like beef crystals. 

The lard fmn the loin showed many distinct straight plates with 
the chisel-shaped ends characteristic of lard crystals. These were 
even noticeable in the thickest plates which at first, under a low power, 
appeared like beef crystals. A number of plates were observed, especi- 
ally amongst those in the bunches, which were curved, and as they 
had the shape of distinct plates, would appear to represent the transi- 
tion form of plates to needles. 



Fig. 8.— Mutton Tallow Crystals. 50 dlam. 


The lard from the back, which took the longest time Jo crystallise 
(no doubt because it was the softest lard), showed distinct plates 
throughout, both as regards the isolated crystals, as also those heaped 
in bunches. The plates were much longer than those obtained from 
any other part. This is most likely due to the time required for crystal- 
lisation having been so much longer. 

Mixtures of lard from the back-fat with 5 to 10 per cent of tallow, 
prepared by the author, showed distinct plates of lard crystals side 
by side with distinct bunches, which, even under a magnification of 
670, could not be recognised as having chisel-shaped ends ; these 
were possibly plates lying on their ends, thus appearing as needles. 
Still, it would be hazardous to pronounce a definite opinion on the 
strength of these microscopic indications. 
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Gosh- ^ stated at first that 5 per cent of beef fat, or 15 per cent 
of mutton fat (which does not crystallise so well), can be detected if 
the ethereal solution be allowed to crystallise at a temperature of 
12°-13° G. But later he admits that the question becomes complicated 
if oleomargarine is substituted for beef stearine. Besides, German 
home-rendered lard did not yield the crystalline plates, crystallising 
as it did in needles wliich were not readily distinguishable from those 
yielded by beef stearine under the same conditions. 

From the above observation it follows that examination under 
a low power of magnification should not be relied upon, but that ex- 
amination under high powers is distinctly necessary. It should also 
be noted that if the plates lie on the narrow end, they may appear 
under the mit;roscope as thin needles, thus leading to the confounding 
of lard crystals with beef crystals. 

The author has further examined crystals obtained from the ethereal 
solution in SlocFs modus operandi (see below) from (a) leaf lard, (h) 
lard from the shoulder, (c) lard from the loin, {d) lard from the back, 
(e) various pure American lards, and (/) mixtures of all the lards named 
with 5 per cent and 10 per cent of (1) beef tallow, (2) various brands 
of “ beef stearine,” and “ oleostearine.” All the observations con- 
firm the result already stated, viz. that it would be very hazardous 
to declare on the strength of the appearance of the crystals under the 
microscope that adulteration with 5 per cent or 10 per cent of 
tallow or beef stearine or oleostearine had been practised. In several 
cases pure lards were judged by the author to contain some adulterant 
on the strength of the microscopical appearance, whilst some of the 
adulterated samples were decidedly declared as pure. 

The author’s conclusion that the microscopic appearance of the 
“ stearine ” from samples containing Only 5 to 10 per cent of beef 
stearine must be regarded with the grcate.st circumspection has found 
satisfactory confirmation in experiments carried out by Dunlop} 
On recrystallisiiig the “ stearine crystals ” as obtained in Stock^s process 
(see below) from pure beef “ stearine ” and mutton “ stearine,” crystals 
were obtained after the third and fourth crystallisation, which were 
absolutely indistinguishable from well-formed lard crystals exhibiting 
the characteristic oblong plates with oblique terminals. In the third 
crystallisation the fine rods of mutton tallow gave place to thin plates, 
in many cases with oblique terminals as in lard crystals at a magnifica- 
tion of 380. In the fourth crystallisation the lard form became already 
more distinct at a magnification of 100, and even of 30 diameters. 
In the case of beef stearine, the crystals from the first crystallisation 
closely resembled those of mutton stearine. The second, and especially 
the third crops of crystals showed a decided change from beef to lard 
form at a magnification of 380, whilst in the fourth crystallisation the 
chisel-shaped ends of the plates were clearly seen ; at a magnification 
of 100 a number of groups were observed which had the appearance of 
“ plumose ” aggregates, but the individual crystals resembled lard 
plates more closely, and not the fine pointed needles of beef crystals 
» Journ. Soc. Chem. Jnd., 1893, 469. Ibid., 1906, 458. 
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■ ^ . 4 ' ' 

as seen in the first crystallisation. This will become apparent on 



Fig. 11.— Mutton Stearlne, 3ra Crystallisation. 380 diani. 


/ 




r<*' . '' 



Fio. 12.— Beef Stearlne, 3r(l Crystallisation. 380 diam. 

examining the crystallisations illustrated by Figs. 11, 12, 13, 14 (due 
to Dunlop ^). These observations distinctly controvert the statement 
' Jmmi. Soc. Chm. Ind,, 1906 , 458 . 
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made by Hekner and Mitchell ^ that crystals from “ soft lards ” (such 



Fig, 13, — Mutton Stearlne, 4th 0r>'RtalU8ation. 380 diain. 



Fig, 14.— Beef Stearlne, 4tli CryatalUsation, 330 diam. 

,ias lard from the back) on being repeatedly recrystallised from ether 
^become more and more needledike, approaching the form of beef 
^ Anati/st, 1896 , 328 . 



732 


GLYCERIDES — NON-DRYING ANIMAL FATS , Cfliip. 

stearine crystals; until they become indistinguishable from them. A 
confirmation of this opinion was thought by these observers to be found 
in the increase of the percentages of stearic acid yielded by crystals 
obtained from three successive crystallisations of flare lard, they having 
found the following respective percentages of stearic acid 324 per 
cent, 37*6 per cent, and 59 per cent. These numbers agree with the 
results obtained by Kms and Ilafner in a similar examination. Their 
numbers are reproduced in the following table 


Melting 

"C 

Point. 


1 0(1 11 10 
Vulno 

Mcltin}; Point 
of tllH 

F’utty Acids. 

“C. 

Stearic Acid. 
Per cent. 

Original fat . 

1st 

Moll III}; 
Point. 

47-40 

2li(i 

M<‘ltiti^' 
Point ^ 

58-59 

41-42 

22-3 

1st crystallisation 

48 0 aiK 

1 02-0 

11-95 

.50-0 

57 5 

2ii(l ,, 

50 T) ,, 

01 2 

1-11 

59 5 

66-8 

3i(l ,, 

50-8 „ 

6 1*5 

0 21 

61 0 

67 -2 ' 

4tli ,, 

51*4 ,, 

G5 0 

0-13 

62 0 

67 '2 

5tli ,, 

51-8 ,, 

65 8 

0-14 


6 th ,, 

51-8 „ 

05-8 

0-12 


... 


In conjunction with the last table there should be read the 
numbers recorded in the following two tables, giving the results of 
a corresponding examination of beef fat and mutton tallow 


Beef Tallow 


Molting Point. 

•€. 


Iodine 

Value. 

Melting Point 
of tlic 

Fatty Acids. 

Stearic Acid. 
Per cent. 

Original fat . 


43-44 

36*8 

44-45 

39-6 

0 

Ist crystallisation 

Ist 

Melting 

Point. 

45 ‘5 aiKJ 

2nd 

Melting 

Point 

55-5 

9-28 

•V 

57-5 

59-5 

2nd „ 

.47-0 „ 

58-0 

3-28 

59-0 

64-2 

3rd ,, 

48-5. „ 

59-0 

1 2 07 

60-5 

65 '5 

4th 

49-5 „ 

59-8 

! 1-30 

62 0 

66-4 

5th ,, 

50 0 „ 

60 '0 

0-90 



6th „ 

50-0 „ 

60 '0 

0-86 
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Mutton Tailed ‘ 






Molting Point 


Melting Point. 

“C. 


Iodine 

Value. 

of the 

Fatt> Acids. 

*0. 

Stearic Acid. 
Per cent. 

Original fat . 

1st 

Melting 

Point 

45 

2nd 

Mellmg 
Point. 1 

42 5 

42-43 

o 

CO 

1st crystallisation 

45 ‘5 ani 

57-5 

12-3 

58-0 

57-8 

2nd ,, 

47-0 „ 

59-0 

6-26 

58-8 

62-7 

3rd ,, 

50-5 „ 

60-0 

3-41 ! 

,59-8 

65-2 

4th 

50-5 „ 

60-8 

3*00 

62-2 

67*0 

5 th „ 

51-0 „ 

61-2 

2-70 



6th „ 

51'2 

- ■ M. 

61 '5 

2-65 




It has been pointed out already that, in the ease of lard from the 
loin, crystals were obtained which w'ould appear to confirm the transi- 
tion form of plates to needles. Kreis and Hafiier, who were also 
unable to confirm Ilehner and MiiehelVs statement, expressed the 
opinion that the broad plates of lard (Fig. 9) consisted of heptad^'cyl 
distearin (“ daturodistearin ”), whereas hitherto only palmitodistearin 
and oleopalmitostearin had been obtained from tallow and beef 
“ stearine.” Since, however, it has been shown that hcptadecylic acid 
is a mixture of several fatty acids, the more reasonable explanation 
would be that lard, tallow, and, consequently, beef and mutton stearine 
yield on repeated recrystallisation from ether one and the same glyceride, 
which crystallises in those oblong plates with oblhiue terminals which 
have hitherto been looked upon as soWy characteristic of lard. The 
author finds a confirmation of his opinion in the following three tables, 
which have been calculated by Kreis and Hafner from the three pre- 
(;cding tables. The iodine values found above are converted into olein. 
By deducting the numbers so obtained from 100, the percentages given 
in the column “ Olein free Fat ” are found. The differences represent 
glycerides of saturated fatty acids, and the percentages of tristearii 
therein arc calculated from the percentages of stearic acid. 


Laid 



Iodine 

Olein 

.Stearic Acid. 

Trlsteaiiii. 

Olein-freo 

Fat 

Per cent. 

Ti i stearin 
ealenlati'd 
to Olein- 
free Hub- 
stance. 


Value. 

Per cent. 

Per cent of Fatty Acids 

Original 

58-59 1 

6o-l 

22-3 

23*3 

31 *9 ' 

73-0 

1st cry. St. . 

11-95 

13 ‘9 

.57 -6 

60*0 

86*1 

69-7 

2nd ,, 

ni 

1-3, 

66*8 

r>9-8 

98*7 

‘70*8 

3rd „ . 

0^21 

0*24' 

07-2 

70*2 

99-76 

70*4 

4th „ . 

0-13 

0*16 

67*2 

70*2 

99*85 

70*3 
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' Beef Tallow 



Fodiiitt 

Olein 

.Stem 1 C Acnl 

Tfis tear ill. 

Olein-free 

Fat 

Per Cent. 

Tnsteann 
calculated 
to Olein- 
free Sub- 
stance. 


Value. 

Pei cent 

Pei cent of Fatty Acids. 

Original 

116 *8 

41’G 

89 -.5 

41-2 

68-4 

70-5 

Istcryst. . 

9*28 

10-8 

,69 -.6 

C2-1 

89-2 

69-6 

2nd ,, , 1 

3 28 

1 'J‘8 

64-2 

67-1 

96 2 

69-8 

3r(i ,, 

2-07 

2-4 

6.6 -.6 

68-4 

97 '6 

70-1 . 

4th „ . 

i-30 

1‘6 

6(5-4 

(59-3 

98 -.6 

70 '3 


Mutton Fat 



T(Mline 

01(‘in 

steal 1 C .And. 

Tiistoaiin 

Olem-fiee 

Tristearin 

calculated 


VhIui! , 

IVr oonl 

Per cent of Fatty Acid.s 

Per cent. 

free Sub- 
htanco 

Oiiginal 

42 6 

49-4 

3.6-5 

■ 36-5 

50-6 

72-1 

lAt cryst. 

12-3 

14-3 

.67-8 

60-37 

8.6-7 

1 70-5 

2nd „ . 

6*26 

7-28 

62-7 

65-5 

92-72 

1 70-6 

3rd ,, . 

3-41 

4-0 

05 *2 

68-1 

96-0 

70-9 

4th „ 

3-00 

3-5 

67-0 

70*0 

96-5 

72-5 


It will be seen--and this has been pointed out already by Kreis ^ 
and Hafner themselves — that in all three fats the percentages of 
saturated glycerides calculated to percentages of olem-free glycerides 
are the same. The increase in the percentage of stearic acid in the 
successive crystallisations is therefore due to the decrease of olein. 

It further follows that the difference (if any) between the crystalline 
form of beef and mutton “ stearines " on the one hand, and of lard 
crystals on the other, cannot be conditioned by a difference in the 
percentage of stearic acid. 

It should, however, be mentioned that Kreis and Hafner j)oint out 
that the last crystallisations from beef fat (sixth and seventh) show 
distinctly th^ type of needles. This is at variance with Dunlop's 
observations ; Wt since Dunlop's photomicrographs unmistakably 
prove his contention, whereas Kreis and Hafner have not published 
photomicrographs of the sixth or seventh crystallisation from beef fat, 
Dunlop's statement should be looked upon as carrying more weight. 
Kreis and Hafner' s opinion may be explained by the fact that if the 
plates lie on their narrow side they ma}|be easily mistaken for needles, 
although against this it must be pointed out that Kreis and Hafner , 
themse]ves had observed that lard crystals when lying on the narrow 
side appear like finely curved needles.* Further • experiments are ^ 
therefore required to lead to a final decision between the conflicting 
statements. 
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DelaforUaiv^s method consisted in dissolving lard in a mixture of 
alcohol and ether, allowing to stand twenty-four hours at a tempera- 
ture of 12-15° C., and weighing the crystals which had separated. 

Stock combined the methods of Beijield and Delafontaine, and 
worked out more fully the quantitative determination of the “ atearine.” 
He compares the crystals obtained from an ethereal solution with those 
from two standard sets of mixtures ; the first consisting of pure lard 
melting at 34°-35° C., with 6, 10, 15, and 20 per cent of beef stearine 
melting at 66° C. ; the second of pure lard, of melting point 39°- 
40° C., with 5, 10, 15, and 20 per cent of beef fat melting at 50° C. 
Stock proceeds as follows : — The melting point of the sample is deter- 
mined first by the capillary tube method. Suppose the melting point 
, be found at 34° C., then 3 c.c. of the melted fat are run into a graduated 
stoppered cylinder of 25 c.c. capacity ; 21 c.c. of ether, of specific 
gravity -720, are added, and the fat dissolved at 20°-25° C. Three 
c.c. of each of the first set of mixtures are treated in exactly the same 
way. The five cylinders are cooled down to 13° C., and allowed to 
" .remain at that temperature or a lower one — particularly during the 
last hours — for twenty-four hours. 

An approximate estimate as to the amount of the adulterant is 
arrived at by reading off the apparent volume of deposited crystals. 
The ether is tlien poured off as far as possible, and 10 c.c. of fresh 
ether at 13° C. is added in each case. The contents of the cylinders 
are well shaken, cooled to 13° C., the proportion of crystals is read off, 
and the ether poured off as before. The operation is repeated, and 
the poured-off ether may be used for swilling the deposit out of the 
cylinders, but no fresh ether must be used. Finally, the contents 
of the cylinders are emptied into weighed shallow beakers, the etlier 
drained off carefully, the mass allowed, to dry for fifteen minutes at 
40° C., and weighed. The weight obtained for the sample under 
examination is compared with the weight of crystals obtained from 
whichever of the standards comes nearest to it. 

The second set of mixtures is used for samples with a higher 
melting point. 

I The actual presence of beef fat should then be proved by micro- 
scopical examination, using a 1-inch objective and the C eye-piece. 

It may be noted here that the lard from a hog fed on slaughter- 
pen refuse, which had an iodine value of 40, gave positive indications 
of beef fat in the Beijield test.^ The iodine value of the liquid acids 
^ was 78. 

Stock based his deductions as to the presence of beef stearine on 
experiments made with seven lards only. These were divided by 
him into two sets, the first embracing lards melting below 39° C., and 
the second those melting above 39° C. No statement was made as 
to whether 39° C. defined the point when the lard had melted to a 
transparent liquid (see above). 

Stock’s data are reproduced in the following table : — 


^ Analy^i^ 1894, 2. 


® Hare, Joum. hid. and Eng, dJheni., 1910, 264. 
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Melting Point. 

Jk — 

Etlier-waalied Deposit. 
“Stearine." 

'C. 

Mginis. 

34 

G 

34*5 

nil. 

39 

11 

41-2 

90 

4 2 -.5 

83 

45-5 

114 

45*8 

146 


Basing himself on these results Slock laid down the rule that a 
lard of a “ melting point” below W C., and yielding more than 11 
mgrms. of “ stearine/’ must be looked upon as adulterated with beef 
“ stearine.” The results of examinations made by the author^ as 
also by Dunlop, prove that this generalisation is inadmissible. This 
will be gathered from the following table 


“ Stearine’^ (IWier-washed Deposit) from 3 c,c. of Lard 



Melting 1\ 

ConiineiKOs 
to melt. 

)iiit.s, “C. 

Completely 

melted. 

Mgrms 

Observer. 

Lard from liach ofKii}<lish ho!? 

27 2 

33-9 

2*6 

Lewkowiisch 

Lard fiom loin ,, 

33-9 

42*8 

36 

n 

Lard from shoulder ,, 

33'9 

42'8 

62 


Lard from the leaf 

38*3 

47*8 

178*2 


Lure “llladder hud,” No. 1 . 

33*9 

- 45 

132*2 


Pure “ Pladder lard,” No. 2 . 

35-6 - 

- 45-1 

136*4 

M 

American lard 

38 ’9 - 

- 41*1 

38*2 


English lard .... 

30 -0 - 

- 4M 

68*2 

)» 

American lard 

33-3 - 

- 41-1 

75-4 

n 

,, ,,t . . . 

English lard from back 

30-0 

- 43-3 

. 70 


36 

5 

Dunlop 

From leg . 

37 

7 


From back 

38 

9 


From kidney bed 

43 

49 


From leaf .... 

47 

115 


From kidney bed 

60 

190 



Stock even claimed to be able to determine the amount of “ beef 
stearine ” present in an adulterated lard by recrystallising repeatedly 
the “ stearine/’ on the assumption that “ lard stearine ” is more 
readily soluble in ether than “ beef stearine.” The finally obtained 
“stearine” wasHhen looked upon by him as “beef stearine” and 
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calculated tod;he amount of adulterant added. Dunlop has, however, 
shown by exact experiments that the “ stearine ” from beef fat, 
obtained by a single crystallisation, is actually more soluble in ether 
than the “ stearine ” from the first crystallisation of lard. Any attempt 
to calculate the amount of “ beef stearine ” from the recrystallised 
“ stearine ” must therefore lead to failure. 

Cochran ^ uses fusel oil for the preliminary separation of stearine 
crystals, which he then examines by the Beljidd-Stock method. He 
proceeds as follows : — 2 c.c. of the melted fat are placed in a stoppered 
cylinder graduated for 25 c.c., and 22 c.c. of fusel oil are added. The 
contents of the cylinder are slightly warmed to effect complete solution, 
and gradually allowed to cool to C., at which temperature 

they are kept for two or three hours. The deposited crystals are 
filtered off, dissolved in ether, allowed to crystallise out as described 
above, and finally subjected to microscopical examination. Cochran 
claims that smaller proportions of beef fat can thus be detected than 
by the above-desc.ribed methods, but it must be 0 {)en to doubt whether 
his method yields better results than the one previously described. 

In the present state of our knowledge,^ Stock's modification of 
Belfield's m(ithod must be considered the best, ])rovided it be used 
with circurasp('(;tion such as is indicated by tlie numbers given in the 
last and in the following tables : — 


^ Jourii, S(K. Chem Jiut , 1898, 74. 

A curious jiR'tliod to detect and determine tlie quantity of licet fat in lard was 
liroposed liy Balh'i, VI/ to iiicasme the amount of air enclosed m the melted lat , )»uie 
lard on solidifying^ is stateil not to cnclo.se any air, wliercas pure heel fat encloses an 
(100 gims. about C)‘.5-8 8 c c.). Halli» is of the opinion that even d ]>er cent of licef 
fat may be thus detected {Jinini, Soc. (]hcm. hut , 1897, 704). 
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Stearine Crystals ” obtained from Beef Stearine and Mixtures thereof with 
Lard by Stock's “ Modus Operamii ” (Lewkowitsch) 



Molting 

Point. 



Commences 
to melt. 

Completely 

molted. 

Mgrnis. 


At 

“C. 


Beef .stearine . 

52-7 

52-8 

1.503*0 

LeaflauP containing 5 per 
i“cnt tallow . 

42'2 - 

47*8 

i7re 

Leaf lard ^ containing 5 per 
cent beef stearine 

44*4 

47*2 

216 

Leaf lard ^ containing 5 per 
(•,ont oleostearine 

43*3 - 

47*2 

207 

laMf lard^ containing 10 
])er cent tallow . 

Leaf lard^ containing 10 
per cent beef sttiarine . 

31*1 - 

48*3 

165*6 

42*8 - 

47*8 

260 

Lf'at laiaP containing 10 
per cent oleostearine . 

40-6 - 

47*8 

278*4 

Anif'riean lard “ cont.uning 

5 )>er camt beef .st'-aiine 

30*0 - 

40*7 

267-4 

Aimsricaii laid “ containing 
.^) pci cent oleosteanne 

33 *i) - 

• 39*1 

197-8 

Aineiican lar<l “ containing 
10 per cent beef stearine 

30 0 - 

- 39-4 

189-6 

Aineriean laid “ containing 
15 per cent beef stearine 



263-4 

American lard" containing 
20 per cent beef sti arine 



365 

Ameriean lar<l ' containing 
30 per cent beet steal me 



502*8 


It will be observed tliat, curiously enough, the added amount of 
tallow reduces the quantity of stearine found (an observation which 
has also been made by Dunlop). A lard yielding 178-2 mgrms. 
of “ stearine ” gave, after being adulterated with 5 and 10 per cent of 
tallow, 171-^^ and 165-6 mgrms. respectively. In the case of an 
addition of 5 per cent of tallow to a “ hard ’’ lard, neither the amount 
of stearine, nor the melting point, nor even the microscopic appearance 
would lead to a safe conclusion. 

The examination of the crystals under the microscope should, 
however, never be omitted. 

If a “ soft ” lard has been adulterated with 10 per cent of oleo- 
stearine, the indications furnished by the melting point and the amount 
of stearine, combined with the microscopical appearance, will assist 
in coming to a conclusion. In such a case the author observed a number 

^ Sam})le No. 4 of piecefling table yielding 178-2 ingrms. of ‘^stearine.” 

Sample No, 10 of preceding table yielding 70 mgrms. of “ stearine.” 
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of aggregates of the “plumose ” form which, even under a high power 
of magnification, were not resolved into plates. 

By recrystallising the fats from ether Emery ^ obtained glycerides 
with the following melting points 



Moltiim 


M(‘lt inK 

Vat. 

1 Point. 

' U'. 

1 

FiU, 

Point. 

0. 

Pure lard 

i 

, 03 8 

Lard containing 8‘*(, beef fat 

01-0 

Lard containing Py, beef fat 

, 03 4 

o „ ‘ 9% „ 

010 

„ „ 2% „ 

' 03 2 ; 

„ » lo'b, „ : 

01 -f) 

„ „ 3';;, „ 

' 03 0 

Beef fat 

00-0 

„ „ 4% ,. 

02-8 1 

Lard 

03-0 

M rv]; „ 

, 02 5 1 

Lard and I0'\, lard Hlearitu' 

03-8 

„ 0-'; „ 

i 02-2 ; 

iro/ 

,, 'O/o ,, . 1 

03-0 

’> n ^'/O »> 

1 010 1 



Bomer^ bases a method for the detection of tallow in lard on tlie 
difference values of the mixed glycerides obtained from recrystallismg 
the fats from ether (cp. Vol. 1. 32 1). In the cas(‘. of the palinilo- 
disleann obtained from tallow the ditference is only C., whereas in 
the case of j)aJmito-disfearin from lard the dilhuvnce is 0. 

The following tables due to Bomer and Limpnch ^ show the differ- 
ence values for pure tallow and lard and mixtures. 



Pnio Laid. 


Pure Jleof Tallow. 

(Irystallisa- 

— 


-- 




tiouH. 

Mcltlnc 

Solldllv- 

Difference 

Value. 

Melt ms 

Solldlfv- 

Differ- 


Point. 

“C. 

intt Point. 
'M'. 

I'omt. 

ins^Point. 

eiit e 
Value. 

Original fat 


.. 


47-5 

33 3 

142 


45-6 

25-2 

20-4 

53-2 

39 5 

13-7 

i 

49-5 

29-4 

20- 1 

54-7 

41-9 

12-8 

2 

51-9 

32 5 

19-4 

55-8 

43-7 

12 1 

3 

55-8 

370 

, 18-2 

570 

45 (f 

12 0 

4 

57-5 

390 

1 17-9 




6 

58-0 

41 9 

1 10-7 

57-9 

40-2 

ii-7 

6 

02-2 

40-3 

15-9 

68-4 

47-0 

11-4 

7 

04‘2 

48-0 

1 15 0 

590 

47-0 

11-4 

8 

(50'5) 04-7 

49-0 

16-7 

59-8 

48-1 

1L7 

9 

(51-0) 05-3 

49-4 

16-9 

{50-2) 00-4 

49'0 

114 

10 

(5L2) 65-5 

49-6 

100 

(51-3) 01-2 

49-5 

11-7 

11 

(51-6) 65-8 

49-5 

10-3 I 

(52-0) 

02-8-04-9 

} 61-0 

13-9 


^ U.S. Department of Agric., 1908, Circular 132, 1 
Ohem. ZeiL, 1913, 890. 

^ Zeits /. (Inters d Nahrgs- n. Oenusm.y 1913, 267. 



740 


GLYCERIDES— NON-DRYING ANIMAL FATS 


CHAP. 


JL 



Mixture of 90 per cent Lard and 

Mixture of 80 per cent Lard and 


10 per cent Beef Tallow, 

20 per cent Beef Tallow. 

Crystallisa- 


- 


— 

- 


tions. 

Melt! UK 

Solidify- 

Difference 

Value. 

Melting 

Solidify- 

Differ- 


Point. 

°c. 

ing Point. 
“O, 

Point. 

"0. 

ing Point. 

° c. 

ence 

Value. 

Original fat 

46-0 

26-8 

19*2 

46-6 

27-2 

184 

1 

48-7 

29-6 

191 

604 

33-5 

16-9 

2 

61-0 

334 

17-6 

62*3 

364 

16-9 

3 

66-2 

38-8 

164 

64-6 

39-3 

15-3 

4 

66-6 

40-2 

164 

65-8 



6 

67*6 

41-8 

16-7 

56-7 



6 

60-8 

46-0 

14-8 ' 

69-6 



7 

r61-8 

47-6 

14-2 

CO-6 



8 

(49*7) 62-8 

48*5 

14*3 

61-7 



9 I 

(50-3) 63-3 

48*8 

14*5 

(50-0) 62-0 



10 1 

(60-9) 63-7 

49-2' 

1 14*5 

{50-8) 624 



11 i 

(614) 64-2 

49 5 

1 14-7 1 

(614) 62-9 



12 ; 

{61-7) 64-9 

494 

1 16-6 

(61-7) 63-6 




Bomer, Lim])rich, Kronig, and Kuhlmann ^ propose a metliod for 
the detection of beef fat in lard on the difference betwe(ni the melting 
pbint of the more insoluble glycerides, and tliat of the fatty acids 
prepared from them. Thus glycerides crystallised fj'om lard had a 
melting point of C., and their fatty acids a melting point of 
63‘3° C., showing a difference of 5‘2'^ C. In some cases the difference 
amounted to 6*9° C., whereas beef and mutton tallows showed a difference 
of from O’l to 2*0° C. The method is as follows : — 50 grins, of the melted 
fat are dissolved in 50 c.c. of ether and allowed to stand for one hour 
at 15° C. The crystalline mass is collected on a filter, pressed slightly, 
re-dissolved in 50 c.c. of ether, and again allowed to stand for one 
hour at 15° C. Should the melting point of these crystals be below 
61° C. they must be recrystallised from ether. A portion of these 
glycerides is saponified, and the melting point of the se])arated fatty 
acids determined. In determining the imdting point of the glycerides 
the crystals should not be previously melted. According to these 
observers, the presence of beef tat is indicated when with glycerides 
melting from 60° and 61° C. the observed difference is less than 5’0° 
C., or with ‘glycerides melting at between 65° ^.nd 68'5° C. it is less than 
3°C. 


Further research is required to solve the problem of detecting 
with certainty in every case 5 per cent or 10 per cent of beef stearine 
in lard.^ The methods which the author suggested in the third edition 
of this work, viz. the determination of stearic acid and the detennina-; 
tion of “ daturic acid/’ are unable to solve the problem satisfactOtU^’ 
in every case. 

If by examination of the mixed fatty acids the 

^ Ztits. /. Untm. d. Fahrgs- «. Omwm,y ISfS (xxvi.),‘ 5j9. 

2 Cp. also Soltsien, Chem, 190S, 100 1 
Oenussm., 1908 (xv.l. 485. ^ 
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be confirmed that lard differs essentially from tallow, in that it contains 
notable amounts of myristic acid (which is practically absent from 
tallow), then the fractional distillation of the raethylesters might 
lead to a. decision. It should be pointed out that the author has not 
tested the value of this suggestion by experiments. 

In case lard has been adulterated with both beef stearine and a 
vegetable oil, in other words if a “ compound lard ” is under examina- 
tion, then the phytosteryl acetate test alone furnishes the safest in- 
formation. If it then should be desired to determine the amount of 
tallow or beef stearine, resort should be had to IFcssow’s cooling test 
(cp. Vol. III. Chap. XV. “ Lard Substitutes ”). 


In connection with the manufacture of laid there are produced as 
secondary jiroducts — 

(a) Lard stearine. 

(h) Lard oil. 

These two products are manufactured from jirime steam lard, by 
allowing it to crystallise at a carefully regulated temperature, m winter 
from 45'^ to 55° and in summer from 55° to 65° F., so that the stearine 
may separate as a crystallised mass, ready to part with the lard oil 
when subjected to pressure (cp. Vol. 111. Chap. XV. “Margarine”). 
If no proper crystallisation takes place, it is impossible to express the 
oil, as the whole material passes through the cloths (“spues”) (cp. 
“ Demargarinating process,” p. 36). The crystallised mass is wrapped 
in cloths, in small works by hand, in large works on rotating packing 
tables. In small establishments lever presses arc in use almost ex- 
clusively. The lever yiress is much in vijgue for the preparation of a 
high-class lard oil, where the pressure must be applied slowly. In 
large establishnumts automatic, mechanical, or hydraulic presses are 
employed. 

The cakes remaining in the press are sold as lard stearine (French — 
Saindoux presse, Solar stearine ; German — Solar-stearin). 

{a) Lard stearine is used in the manufacture of compound lard 
and — chiefly in Europe — for “ stiffening ” soft lard. In the United 
States it is also used in the manufacture of margarine (“ oleo- 
margarine ”). 

Lard stearine from lard unfit for edible purposes is autoclaved and 
converted into candle material. 

The following characteristics have been ascertained for specimens of 
lard stearine by Arreujon : ^ — 


1 Clicm. Zdt„ 1908, 1227. 
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1. 

II. 

III. 

IV. 

V. 


cific gravity at 100° C. 

0-8685 

0-8580 

0-8575 

0-8578 

0'8688 


onification value 


195-5 

195-6 

195-5 

194-6 

Im 

ine value . 

50-7 

60-9 

48-9 

49-0 

54-3 


-yro - refractometer 





1 

degrees ” at 40° C. . 

48-5 

48-3 

47-7 

47-5 

48-7 

li 

stals, exhibiting the 
)rm of . 

plates 

plates 

I)lates 

plates 

plates 


Lard oil (French — Huile de lard ; German — Schnalzol ; 

— Olio di lardo), if obtained from the best neutral lard^ is used as 
an mgredient in the manufacture of margarine, etc. Lower qualities 
are (employ ed as high-class burning and lubricating oils. 

ccording to the pressure and the temperature employed in the 
prr^ss of separating the li(|uid from the solid portion, the solidifying 
po*iat of lard oil varies, so that some specimens will deposit “ stearine ” 
at we ordinary temperature, or even solidify completely at 10°-12^ C., 
wh(I‘eas others do not deposit any crystals unless cooled to the freezing 
p(ViJt. Hence the usual characteristics, such as the specific gravities, 
aijJespecially the iodine values of different lard oils, vary considerably, 
as 'I evidenced by the numbers contained in the followmg table 
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Poknske’s method may be used for the detection of considerable* 
quantities of tallow in lard, cp. Fischer and Alpes} 

Tolman and Mu7ison ^ found in a number of lard oils from 18-9 to 
26-7 per cent of solid fatty acids by the lead-salt-ether method. 

In the elaidin test lard oil behaves very much like olive oil. 

The change which lard oil undergoes on blowing with air at 100° C. 
is characterised by the numbers given in the following table : 


Blown. 

Hours. 

Specific Gravity. 

Refractive Index. 

Iodine Value. 

0^ 

0-914 

1 -4697 

78-0 

3 

0-917 

1-4699 

76-0 

6 

0-917 

1-4700 

75-0 

9 

0-917 

1-4705 ' 

72-0 

12 

0-918 

1 -4707 

72 0 

15 

0-920 

1-4708 

71-0 

18 

0 923 

1-4709 

67-0 

21 

0-923 

1-4710 

67-0 

24 

0 925 

1 1-4713 

66-0 


Lard oil is a water-white to pale yellow liquid at the ordinary 
temperature. If made from fresh steam lard it is practically devoid 
of Iree fatty acids. Such lard oil is used (chiefly in Europe) in the 
manufacture of compound lards, and of margarine (“ oleomargarine ”). 
Those lard oils which are unsuitable for edible purposes and contain 
a small amount of free fatty acids are used as high-class lubricating 
oils, wool oils, finest burning oils, and in the United States in place of 
olive oil for making silk-scouring soaps, and for lubricating the silk 
fibre for weaving. 

On account of its high pricp, lard oil is very frequently adulterated, 
notably so with tallow oil and “ greases.” Such mixtures exhibit 
normal numbers in the usual quantitative tests ; their detection is 
facilitated by organoleptic tests. 

Other adulterants, such as mineral oils or vegetable oils, are detected 
by the quantitative reactions and the methods described above. Fish 
and blubber oils in lard oil intended for lubricating purposes are best 
detected by isolating the ether-insoluble bromides of the li({uid fatty 
acids. 


BEEF MARROW FAT 

French— de moelle de hmif. GGimnn - Rindcnnarkfett. 
Italian — Grasso di midollo di hove. 

For tables of characteristics see p. 745. 

Beef marrow fat is recovered from the marrow bones of cattle. 
The marrow fat from the shin bones is, in the United States, usually 
mixed with the oil from the feet (cp. “ Neat’s Foot Oil ”). 

^ ZeUs.f. Unters. d. Nahrgs- u. Oenussm., 1909 (xvii.), 181. 

2 Jouni Aimr. Omii. Soc., 1903, 966. 

^ Proctor and Holmes, Journ. Soc. Cliem. fnd., 1905, 1287. 


* Original oil. 
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The freshest marrow bones are kept separate from the waste butchers’ 
bones (“ streeters ’7. They are sawn into two and the marrow 
knocked out. < 

Medullic acid, stated by Eylerts to occur In beef marrow, is, accord- 
ing to T hummel, a mixture of palmitic a^;id stearic acids. 

Freshly rendered marrow fat has a low acid value, 0-44 {Dunlop ^), 
1*6 {Zink). A specimen eight months old gave the number 1-9. 
Evidently the acid value depends on the slate of freshness of the 
bones. According to Glikin,^ iron seems to occur regularly in beef 
marrow fat ; the marrow of young animals is stated to contain a higher 
amount of iron than that of old animals. 

Nerthing ® examined separately beef marrow fats from red and 
yellow marrow. The fat from yellow marrow consisted of 78 per cent 
of oleic acid, 14*2 per cent of stearic acid, and 7-8 per cent of palmitic 
acid ; and tlie fat of red marrow of 47-4 per cent of oleic acid, 36*3 
per cent of stearic acid, and 16*3 per cent of palmitic acid. The yellow 
marrow contained 0*3 per cent of cholesterol and 0'18 per cent of 
le(4thin, and the red marrow 0*28 per cent of cholesterol and 0*2 per cent 
of lecithin.^ 

Beef marrow fat is used in pharmacy and for making pomades. 


BONE FAT 

French — Saif d'os. Clerman -Kiiocheiifett. 

Italian — Grasso d’ ossa. 

For tables of characteristic's see p. 750. 

Bone fat is practically a by-product in the ])roccss of working up 
bones, whether they be intended for the manufactiue of char or for 
the production of glue and gelatine. In either case the “ degreasing ” 
of the bones must precede all further manipulations. Bones from 
heads^ ribs, shoulder blades, etc., contain from 12 to 13 per cent of 
fat, whilst the large thigh bones (“ marrows ”) contain as much as 18 
to 20 per cent. These numbers apply to fresh bones only. The amount 
of fat that c*an be recovered decreases accordi^ig to the age and ran- 
cidity of the bones. Bone fat is obtained chiefly by two processes, 
firstly, by boiling with water at the ordinary pressure or by steaming 
under high pressure, and secondly, by extracting with volatile solvents. 

The oldest process for producing bone fat consisted in boiling the 
broken bones with water in open vessels and allowing the hot liquor 
to stand, when the fat separating on the top was skimmed off. If 
fresh bones were used, the bone fat so recovered had a white to yellowish 
colour, a faint odour and taste, and possessed the consistence of butter.^ 

1 Analyst, 1907, 318. 2 /igrkhte, 1908, 910. ^ 

3 Biochem. Zeits., 1908, 167. ^ Ihkl, 1907, 235. 

® III tlie Uuited States hone fat of this description is sold under the name “butter- 
stock-tallow.” 
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If, however, old and putrid bones were employed, the bond fat so 
recovered passed, according t(5 the age and state of decomposition of 
the organic matter in the bones, through all gradations, from white 
fat (containing a few per cent of free fatty acids and an inconsiderable 
amount of impurities and having a slightly disagreeable smell) to a 
brownish, less pleasantly smelling fat, and finally to a dark brown 
mass of offensive odour. This last contained large quantities of free 
fatty acids, lime soaps (formed by the action of fatty acids on the lime 
salts of the bones), and, furthermore, calcium salts of lactic acid and 
of volatile fatty acids (such as butyric., etc.), which are the usual con- 
comitants of rancidity. 

By this boiling-out process only half of the fat contained in the 
bones can be recovered. 

Not only was the yield an inferior one, but the nuisance created 
by the evil smells emitted from bone works has rendered this process 
a practically obsolete one. 

An important improvement in the manufacture consists in treating 
the bones with steam under pressure. The bones are broken and 
placed in a cage fixed inside an autoclave, where they are heated with 
open steam under a pressure of two or three atmospheres. The bone 
fat resulting from this process is of the same quality as the fat obt^ned 
by the obsolete process, especially if the steaming is limited to the 
shortest possible time, so that only a small amount of glue-yielding 
material is extracted.^ In large slaughter-houses, especially those of 
America (United States and South America), where the bones are 
worked up in the fresh state, the boiling or steaming out is preceded 
by a washing operation in “ bone - washing machines.” These are 
cylinders usually 10 feet long and 3 feet to 4 feet in diameter, built 
up from iron bars, 1 inch apart, fixed into two cast-iron heads. They 
are driven by chain and sprocket and rotate slowly, making about 
ten revolutions per minute. Through the entire length of the drum 
there is a hinged door made of bars, which allows the filling and empty- 
ing of the cylinder. The machines are usually set at an angle to facili- 
tate the washing and emptying operations. Some manufacturers even 
resort to steeping the bones in a solution of sulphurous acid in order 
to obtain a whiter fat (as also a better glue). The yield of bone fat in 
the steaming-out process under pressure is considerabjy higher (by 
about 50 per cent) than in the boiling-out process in open vessels, so 
that from bones containing 12 per cent of fat, about 8 to 9 per cent can 
be recovered. v 

Bone fats of this quality can be bleached, but only the best kinds 
are likely to yield a good product. The higher the percentage of free 
fatty acids the greater is the difficulty in bleaching. In fact, products 
containing more than 50 per cent of free fatty acids could not hitherto 
be bleached successfully. Bone fats from which the free fatty acids 
have been removed are much more susceptible to bleaching and 
deodourising processes than the raw material. In some cases bone fat 

^ H. Hilbert and Bayerische, Aktieii-Ges. f. Chein. u. landw. chemische Fabrikate ; 
French patents 1527 and 1559. 
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may be bleached with potassium dichromate and hydrochloric acid 
in the same manner as palm oil is bleached. 

Practically the total amount of bone fat in bones can be obtained 
by treatment with solvents^ a process which leaves the animal tissue 
unimpaired^ so that the whole of the glue-yielding organic substances 
can be converted into glue after the fat has been removed. Hence the 
extraction process has come largely into vogue. Especially those bones 
which are no longer fresh are worked up in this manner. The solvents 
used for extraction were up to recently almost exclusively petroleum 
ether (benzine) and Scotch shale oil (boiling between 212° and 270° 
F.). Latterly also carbon tetrachloride has been used on an experi- 
mental scale. The use of benzol and trichloroethylene has also been 
advocated in place of benzine. Extraction apparatus may be divided 
broadly into two classes : 1, those in which the solvent acts on the 
bones direct ; and 2, those in which the vapour is allowed to come into 
contact with the bones. 

The extraction with benzine or shale oil takes place in iron digesters 
under pressure, or in open apparatus. The process in which pressure 
is employed is the more dangerous one, and has not infrequently led 
to explosions. The yield depends on the time during which the solvent 
acts^on the bones, as also on the construction of the apparatus used. 
That apparatus will be the best in which the volatile solvent is so 
successfully condensed that only a small amount is lost. The fat 
obtained by the extracting process is dark brown, and has a very 
penetrating, unpleasant smell. This fat contains besides a consider- 
able amount of free fatty acids, lime soaps, calcium lactate, calcium 
butyrate, hydrocarbons from the petroleum ether, and colouring sub- 
stances. Hitherto this kind of fat has not been bleached successfully, 
and even when some immediate improvement was obtained, the colour, 
as also the unpleasant smell, “ reverted ” after a short time. 11. 
Vollancl^ claims to bleach successfully extracted bone fat by means of 
barium peroxide. 

The extraction by means of carbon tetrachloride is carried out 
in open vessels under ordinaiy pressure ; as the solvent attacks iron, 
the vessels must be lead-lined. Specimens of carbon tetrachloride- 
extracted bone fats, which the author has had occ.asion to examine, were 
superior as regards smell and colour to benzine-extracted fats (cp. 
p. 23). This’ may be ascribed to the fact that carbon tetrachloride 
permits a lower temperature to be employed ; at such lower tempera- 
ture the organic nitrogenous substances arc less attacked than is the 
case if the higher boiling benzine is used. Hitherto the price of this 
solvent has militated against its introduction in bone-fat works, and 
carbon tetrachloride-extracted bone fat has not yet been placed on the 
market in considerable quantities. For the processes, the original 
patents must be consulted.^ 

The following statistical data may be of interest : — 

^ German patent 222,669. 

V. (Jmewald, English patent 13,094, 1911 ; L. Dorner, German patent 218,487 ; 
E. Berliner, German patent 208,443 ; A. Meiro, English patent 18,468, 1909. 
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Import of Bones into Germany in Tons during 1902-1911. 



1002 . 

I 

1902 . 

1904 . 1 

190 ."). 

1900 . ! 1908 . 

1909 . 

1910 . 

1911 . 

La Plata 

' 1759 3696 

253 

1250 

I * ' ' 

1 



Levant 

2202 

1104 

i 1375 

1909 

710 i .. 




Other countries . 

1 858 

783 

1079 

938 

640 ' .. 




Total . 

4819 5583 

- 1 _ J 

2707 

4097 

1350 1 3598 : 

9225 

7972 

11,839 


The following brands are known commercially : “ R.K./’ “ 
and “ S.B.” 

Whereas bone fat obtained by the boiling and steaming-oiit 
processes can be used for soap-making, bone fat extracted by means of 
benzine is utterly unsuitable for that purpose in this country on account 
of its rank odour, and can only be used in candle works. On the 
Continent such benzine-extracted fat does find employment in small 
(quantities for inferior soaps. If bone fat intended for soap-nnking 
purposes contains a considerable amount of lime, it must first be treated 
with dilute mineral acid. 

Occasionally bone fat is worked up for the preparation of “ bone 
od ” (cp. also “ Neat’s foot oil ”). The process is exactly the same 
as that employed in the production of tallow oil (see p, 764). “ Bone 
oil ” is used as a lubricant, and in the leather industries in a similar 
manner to neat’s foot oil. If practically devoid of free fatty acids, it 
represents one of the fine.st lubricating*oils on account of its low “ (mid 
test.” 

The chemical composition of bone fat lies between that of marrow 
fat and tallow. Hence the valuation of bone fat is carried out in a 
similar manner to that of tallow. But a complication arises through 
the presence of calcium salts of higher fatty acids, and of calcium 
lactate and butyrate. 

It has been pointed out already (Vol. I. Chap. IV.) that lime soaps 
tenaciously retain water so that the direct determina%n of moisture 
may lead to erroneous results. With regard to impurities of a non- 
fatty nature, it should be borne in mind that different results are 
obtained according as the fat is extracted after previous drying (as in 
the English or German method), or is extracted undried (as in the 
French method). From dried bone fats most of the lime salts are 
dissolved by petroleum ether, whereas in the case of undried bone 
fats most of the soaps remain undissolved. The method employed 
should, therefore, be distinctly stated when the results of the analysis 
are returned. 


[Table 
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Prepared by boiling out fresh bones. “ Cp. table p. 754. ^ Crude fat. * Refined fat. 
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The errq;rs inherent to the older methods are avoided by adopting 
the process proposed by Shukoff and Sdmiakoff : ^ — 

Fatty Matter . — This is determined direct. Weigli of! 10 grms. 
in a small conical flask, add 3 to 5 drops of strong hydrochloric acid, 
and warm^ on the water-bath for about one hour, agitating the contents 
of the flask from time to time, whereby the lime soaps are decom- 
posed. Then add 40 c.c. of petroleum ether, agitate to dissolve the 
fatty matter, and pour the solution carefully (leaving the few drops 
of acid at the bottom of the flask) through a tared filter into a second 
flask ; wash two or three times with petroleum ether, and determine 
the fatty matter in the ethereal solution as described Vol. 1. Chap. IV.^ 
organic and inorganw.- -lihe dirt and the acid solution 
from the first flask are washed with the aid of petroleum ether on to 
the tared filter, dried, and determined as described Chap. IV. ; of couise 
lime and other inorganic substances are washed away with the acid 
» solutioh. 

_Xhis is found by incinerating a fresh portion of the sample. 
The lime of the organic lime salts is thus converted into calcium 
carbonate ; the amount of the latter may be ascertained by titrating 
the ash with standardised acid. 

Moisture.— T\m is found by difference (c]). also p. 770). 

The fatty matter consists of the neutral fat, of the free fatty ai'ids 
originally contaiiu'd in the bone fat, and of fatty acids liberated from 
the lime salts. It also contains, of course, unsaponihable matter. 
Among the latter i^huhi and Schesfakoff found cholesterol to^ the 
extent of from ()'2 to 0-6 per cent. The amount of the unsaponihable 
matter is found by the method described in Vol. T. Chap. VI. 

The determination of the unsaponihable matter is of great im])ort- 
ance, as during the last few years admixture to bone fat of all kinds of 
waste fats, especially of those containing considerable amounts of 
unsaponihable matter (sec Vol. IH. Chap. XVI., “ Waste Fats ), has 
been practised in a considerable extent. The examination of the 
isolated unsaponi liable matter is frerpiently required, and is carried 
out by the method given in Vol. I. Chap. IX. Adulteration with wool 
fatr— said to occur in continental bone fats— would thus be readily 

The following table reproduces some analyses published by Shukoff 
tind Scheslakoff : — 


1 Chem. Revur, 1898, 6. 

2 Cp. also Scinch t and llalpcrn, Cficiii. Zed., 1907, 279. 
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Description of Bone Fat 

F.stty 

Matter 

Impurities. 

Moisture 

9y 

Unsaponl- 

flablo 

Titer 

Test.' 


Organic. 

Inorganic 

Ditlcrence. 

Matter. 


Per cent. 

Per cent 

Per cent. 

Pei cent. 

“C. 

Rii.ssian— Potersburg 

98 '05 

0-15 

1-20 

1-80 

39-9 

99-00 

0-15 

0-85 

0-82 

39-9 


99-10 

t)-io 

0-80 

0-52 

40-2 

Rus.sian .... 

99-15 

0-10 

0-75 

0 50 

42-5 


97-30 

0-10 

0-40 

2-47 

1-07 

40 3 

. . . 

90 60 

0-05 

0-.50 

3-58 

1 12 

39-1 

,, from the South . 

94-35 

0 25 

0-90 

4-50 

1-40 

41-4 

,, 

92-45 

0-30 

0-70 

6-55 

1-20 

40-9 

,, ,, 

93-35 

0 08 

0-20 

6-37 

1 -26 

3»-7 

English pale 

,, “ melted stulf” 

98-20 

0-25 

0-75 

1-42 

0-56 

39-3 

97-04 

0-30 

0-15 

2-15 


39-8 


The following two tables contain some analyses of bone fats. The " 
first tables is due to Vaknfa,^ the second to Troicky : 


^ (Jp. table, p. 754. 

Zeihchi.J Chem. Iml., 1887, 205 ; Journ. Sor. Chein. huL, 1888, 219. 
'^he»K Znt. lii-p , 1890, 289. 
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1 

stearic Acid. | 

Per cent. 

34 02 

so-n 

39*78 

38*02 

39*10 

35*64 

35*16 

35*95 

27*81 

Oielc Acid. 

Per cent. 
59*18 

58*69 

54*34 

48 08 

52*20 

55*36 

57*24 

56*90 

63*69 

Solidifying Point 
of Fatty Acids. 

i/i 

p0iOO(NOOOO«0 

d 

u 

■3 

> 

d 

1 

a> 

II 

lO 0 lO ‘O »0 Ifi ‘O 10 CO j 

187*0 

194*3 

193*8 

172 0 

138*7 

181 *0 

185 *6 

187*0 

184-0 

Fatty Acids 

Per cent 
93*20 

94 *40 

94*12 

86*10 

91*30 

91*00 

92*40 

92 *85 

91*50 

i 

1 

5 rS 0 >0 '■O c-l CO <M 

g 0 9 > -yf (.N 1 ;- ip 9 9 

uoooc<i<LAhAh,L. 1 - 
Cli 

Description of Fkine Fat. ! Water, 

1 

Per cent 

Boiled out . . 1*20 

,, . . 0*47 

E.xti*acted . . 0*58 

Boiled out, Russian 0 84 

Extracted, ,, . 0*78 

0*85 

1 *82 

,, / • ' 

Boiled out, from 1 1 *52 

horse bones 1 ! 

d 

"A 

1 

2 

3 

4 

5 

6 

7 

8 

9 


OHA-P. 
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For otter kinds of bone fat, see VoL III. Chap. XVI., “ Bone 
Grease.” ^ 

As has been pointed out already, bone fat is worked up in soap 
and candle works. It has also been mentioned that the benzine- 
extracted fat is practically unusable in soap-making. Such bone fat 
forms suitable material for candle-making purposes. The “ stearine ” 
(“ stearic acid ”) obtained from bone fat crystallises readily, but on 
account of its inferior properties as a candle material bone fat is not 
worked up by itself (Vol. III. Chap. XV.) for candles, but generally 
in admixture with other raw materials. The following table gives a 
distillation of fatty acids from bone fat - 
4 


Fat. 

C^iir. 

Acid 

Value. 

Saponi- 

fication 

Value. 

Iodine 

Value. 

Titer 

Test. 

“0. 

Mean 

Molecular 

Weight. 

Kemarks. 

Bone fat dlatUlato . 

Yellowish 

210-2 

211-6 

43-7 

40-4 

286-1 

Average 

sample 

Amorphous 

„ Ist fraction 

White 

220-0 

220 0 

41-7 

40-3 

2f)5-3 

„ 2iul fraction 

Yellowish 

211-4 

211 4 

52-3 

41-0 1 

265 6 

Crystalline 

„ 3rd fraction 

Yellow 

107 5 

108 0 

59-2 

41-9 

284.3 

Amorphous 


The impurities contained in bone fat, notably the fatty acids of low 
molecular weight, pass into the glycerin waters. They are liable to 
ferment, and the crude glycerin finally obtained contains impurities 
which are not readily removable even by distillation. Dynamite 
glycerin made from such raw material not infrequently contains tri- 
niethyleneglycol (see Vol. III. Chap. XV.). 


TALLOW [beep TALLOW, MUTTON TALLOWj 

French — Suif (de hoeuf, de mouton). German — Talg {Rinddal^, //am- 
meltahj). Italian— /Se^o {di bove, di montone). 

In commerce a distinction is made between beef tallow and mutton 
tallow. The former is obtained from oxen, cows, and calves ; the ^ 
latter from sheep and goats. This distinction is, boardly speaking, 
supported by chemical differences in the composition of the respective 
triglycerides, mutton tallow being as a rule richer in stearin than beef 
tallow (see below). 

Mutton tallow has a stronger and more unpleasant flavour “ animal 
flavour ” than beef tallow, which inhibits its use as an edible fat in the 
margarine industry. 

The quality — especially the hardness— of tallow depends on the 
breed and the age of the animal, and to some extent on the food.^ 
The fat from the male beast is generally harder than that obtained 


Cp. Moulton and Trowbridge, Journ. Ind. and Eng. Ghm,^ 1909, 761. 
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from the female. Animals fed on grass yield a harder fat th^n those 
fed with oilcakes ; brewery refuse nroduces especially soft tallow. 
Hence we have all gradations, from the hard South American beef 
tallow to home-melt tallow of somewhat softish consistence. 

The rough fat is delivered with the adhering tissue, etc., to the 
tallow-melters, and is rendered at a temperature* of about 100° C. or 
above, as has been described already, p. 3. 

The fats from different parts of the carcass, although of unequal 
value, are not kept separate, unless the fat be intended for the manu- 
facture of oleomargarine, or of best commercial quality. 

At present the tendency prevails to collect the rough fat as far 
as possible in large rendering establishments fitted up with modern 
appliances. Hence the slaughter-houses in „ large towns — especially 
on the Continent — have at present as an adjunct a tallow-rendering 
establishment. These are found on the most ^antic scale in the 
large packing-houses of the United States of America as also of South 
America. 

For the production of tallow for the manufacture of margarine 
the more valuable kidney fat (“suet,” “edible fat”) and bowel fat 
(“ midgerum fat ”) [French, suif en hramhes or en rames ; Uerman, 
Rohkern] is dealt with separately and not mixed with the caul- (or 
kell-, i.e. omentum) fat and the fat from other parts of the carcass 
[French, degraisse ; German, Rohausschnitt], 

By melting this selected fat at low temperatures— not exceeding 
50° C.— the “ premier jus ” is obtained (cp. Vol. III. “ Margarine ”). 

The production of “ premier jus ” and the further working up of 
the same into “ beef stearinc ” (or “ mutton stcarine ”) and oleo- 
margarine, “ oleo oil,” is carried out on practically the same lines as 
described under the heading “ Lard.” Fuller details are given in 
Vol. III. under the heading “ Margarine.” The best suet is known as 
edible tallow. 

The following commercial brands of tallow are difierentiated : — 

(1) Rendered tallow, which contains all the fat from the carcass. 

(2) “ Premier jus.” 

(3) Pressed tallow (tallow stcarine, beef stearine, mutton stearine, 
oleostearine). 

(4) Oleopiargarine, oleo oil. v 

The first-named quality of tallow, viz. “ rendered tallow,” is 
frequently expressed in hydraulic presses for the preparation of 
tallow stearine and tallow oil (see below). 

It is almost impossible to estimate the quantity of home-melt 
tallow produced in European countries, as the production is scattered 
over the smallest establishments embracing even those of butchers in 
villages. The amount of home-melt tallow produced depends, of course, 
on the stock of cattle and sheep kept in each country. From carefully 
collected private information the author estimated that the production 
of home-melt tallow of the United Kingdom in 1900 represented a value 
of £3,000,000 corresponding to over 100,000 tons. This seems to have 
increased in the year 1902 by about 10 per cent. But no absolute 
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reliance can be placed on these figures^ and it would rather appear from 
official publications that the amount is decreasing, for whilst the number 
of cattle kept in this country in 1871 amounted to 9,320,000 heads, 
and had increased to 11,504,000 in 1900, the number of sheep had 
actually decreased from 33,192,000 heads in 1871 to 29,746,000 in 1900. 
This is further confirmed by the following numbers taken from the 
“ Agricultural Returns o^ Great Britain ” : — 


* 

England. 

Wales. 

Scotland. 

Total for Great 
Britain. 

V Cattle— 

Heads. 

Heads. 

Heads. 

Heads. 

1906 

5,060,862 

747,715 

1,202,279 

7,010,856 

^ 1907 

4,988,183 

738,884 

1,186,452 

6,912,619 

1908 

, . 



6,905,134 

1909 




7,020,982 

1910 




.7,037,327 

1911 




7,114,264 

Sheep — 





1906 

14,830,927 

3,686,095 

6,994,338 

25,420,360 

1907 

16,099,976 

3,703,372 

7,313,155 

26,116,503 

1908 




27,119,730 

1909 1 




27,618,419 

1910 




27,102,94^ 

1911 




26,494,992 

Pigs— 





1906 

1,083,602 

209,660 

130,199 

2,323,461 

1907 

2,257,178 

232,996 

146,634 

2,636,808 

1908 

•• 



2,823,482 

1909 




2,380,887 

1910 




2,349,946 

1911 

;• i 



2,822,164 


An approximate estimate as to the amount of “ home-melt ” tallow 
that is obtained from imported living animals may be derived from the 
numbers reproduced in the following table : — 


Heads of hnported Livw{j Animals 



Oxen and Bulls. 

('ows. 

Calves, 

Sheep and Lambs. 

1903 

. 518,435 

1,411 


348,660 

1904 

545,005 

1,138 


374,098 

1906 

560,202 

796 

80 

174,706 

1906 

665,644 


1 

90,643 

1907 ’ 

463,047 

3^687 

143 

95,634 

1908 

378,666 

4,264 

309 

78,900 

1909 

310,438 

10,607 

395 

8,131 

1910 

201,969 

17,263 

329 

427 

1911 

188,594 , 

11,410 

394 

47,673 

, 1912 

44,790 

3,839 

283 

16,430 



758 GLYCERIDES— NON-PEYING ANlMAj/ FATS ' chaf. 

Corresponding returns for other countries, al^far as they are avail- 
able, are collated in the following table : — 



Cattle. 

Sheep. 


Year, 

Heads,''^ 

Year. 

Heads. 

France . ' . 

1893 

12,879,000 

1862 

29,600,000 


1904 

14,137,000 

1882 

23^600,000 


1905 

14,315,552 

1900 

20,180,000 


1907 

13,949,722 

1904 

1,780,000 


1908 

1^239,730 

1905 

17,783,209 


1909 

14,297,670 

1907 

17,460,284 


1910 

14,632,030 

1908 

17,456,380 


1911 

14,662,430 

1909 

17,357,640* 




1910 

17,110,760 




1911 

16,425,330 

Germany 

1873 

15,777,000 

1873 

25,000,000 

1883 

^5,787,000 

1883 

19,190,000 


1900 

18,391,000 

1892 

13,590,000 


1904 

18,940,000 

1900 

10,866,000 


1907 

20,630,644 

1904 

9,690,000 

f/ 

1908 


1907 

7,703,710 


1909 


1908 



1910 


1909 





1910 


Austria 

1891 

8,644,000 

1868 

6,025,000 


1900 

9,611,000 

1880 

3,841,000 


1902 

9,026,267 

1901-4 

2,621,000 


1910 

9,160,009 

1910 

2,428,101 

Hungary 

1884 

4,879,000 

1870 

15,076,000 

1895 

6,738,000 1 

1880 

9,389,000 


1906 

6,611,362 

1901-4 

8,122,000 


1907 

6,806,781 

1906 

7,581,287 


1908 

7,336,764 

1907 

8,113,907 


1909 

7,162,668 

1908 

8,460,375 


1911 

7,318,088 

1909 

7,904,634 

f 



1911 

8,647,042 

Russia 

18831 

46,725,000 

18701 

1 

45,297,000 


1900 

43,687,000 

18821 

47,609,000 


1904 

33,710,000 

1901-3 

70,647,000 


1905 

33,773,335 

1904 

63,186,000 


1906 

31,994,849 

1905. 

44,236,101® 


1707 

31,169,366 

1906 

41,613,110® 


1908 

30,800,826 

1907 

38,036,396® 


1909 

31,472,878 

1908 

38,048,736® 


1910 

31,300,346 

1909 

40,149,326® 



* * 

1 

1910 

38,469,432® 


■The provinces of the North Caucasus arelaot included. 
^ Including goats. 
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~ 

Cattle. 

Sheep. 


Year. 

Heads. 

Year. 

Heads. 

Algeria 

1870 

72.5,000 

1870 

4,919,000 

18SI 

1,112,000 

1881 

6,995,000 


1890 

1,233,000 

1890 

8,952,000 

, 

1900 

992,000 

1900 

6,723,000 


1904 

1,080,000 

1904 

8,611,000 


1905 

1,066,404 

1905 

9,062,636 


1906 

1,078,218 

1906 

8,799,730 


1907 

1,081,734 

1907 

9,314,616 


1908 

1,C92,202 

1908 

9,632,177 


'^1909 

1,100,686 

1909 

9,066,916 


1910 

1,127,677 

1910 

9,042,302 


1911 

1,113,962 

1911 

8,628,610 

1 

United States of America . 

1890 

62,802,000 

1890 

43,431,000 


1900 

43,902,000 

1900 

i 41,88.3,000 


1904 

61,242,000 

1904 

! 46,870,000 


1906 

66,861,622 

1906 

' 60,631.619 


1907 

72,533,996 

1907 

53,240,282 


1908 

71,267,000 

1908 

i 54,631,000 


1909 

71,099,000 

1909 

56,084,000 


1910 

69,080,000 

1910 

.57,216,000 


None of the European countries are at present exporting tallow, the 
quantities exported from the United Kingdom being in fact re-exports. 
Russia, which up to about two decades ago was a tallow-exporting 
country, has been forced to draw upon the world’s supply for her own 
demands. Indeed the production in Russia is rapidly decreasing. 
The United States has also ceased to export tallow and now imports 
from South America. 

The chief sources of tallow— in addition to the home-melt 
production — are at present Austral a.sia, South America,^ and North 
America. The quantities imported into the United Kingdom and 
the surplus exported to the Continent of Europe are given in the 
following table : — 


^ TIih 6xpovt from tlio Falkland Islands hi 1912 was ISO^ons. 
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More detailed figures for the years subsequent to 1907 are given 
below ® 


Im'ports of Tallow, Unrefined, and Slearine 



1908. 

1909. 

1910. 

1911. 

1912. 

1913. 

Germany 

Netherlands ... 

Belgium 

France ... 

China (exclusive of ITong-Konff, 
Mac'io, and Wei-hai-Wel) 
United States of America . 
Uruguay ... 

Argentine Republic 

Other foreign countries 

Cwts. 

9,322 

9,400 

55,623 

86,605 

56,0.38 

427,915 

7.3,209 

447,498 

8,426 

Cwts. 

10,523 

11,019 

54,203 

40,134 

119,064 

263,385 

50,059 

429,637 

8,360 

Cwts. 

12,281 

21,213 

50,340 

43,756 

74,266 

48,089 

17.3,829 

412,628 

17,148 

Cwts. 

14,181 

18,469 

52,962 

31,056 

21,716 
140,824 
51,464 
437,519 
12,308 1 

Cwts. 

12,552 

.5,838 

44,320 

26,175 

94,316 

81,5.39 

88,124 

491,118 

13,422 

Cwts. 

92il20 

240,540 

159,860 

Total from foreign countries 
British East Indies 

Australia . . . . 

New Zealand ... 

Canada 

Falkland Islands . 

Other British Possessions . 

1,184,036 

4,620 

542,279 

377,007 

1,871 

6,068 

836 

986,390 

1,883 

735,988 

459,525 

1,740 

10,164 

866 

853,550 

892 

1,090,514 

499,204 

538 

7,290 

1,777 

780,499 

20 

998,231 

413,305 

3,010 

7,027 

1,.572 

857,404 

828,585 

438,528 

l'r,055 1 

|l,. 329, 640 

137i620 

Total from British Possessions 

932,681 , 

1,210,166 

1,609,221 

1,423,165 

1,279,068 


Total 

Exports of Tallow 

2,0.56,717 

1,014,525 

2, 196, .5.56 
1,068,778 

2,462,771 

1,29.5,7.52 

2,203,664 

1,173,769 

2,136,472 1 
977,9.56 

• 


As a complement to the above table the author gives in tabulni?* 
form the shipments of Australian tallow to Europe : - 


Australian Ship^nenis to Europe 


Year. 

Tons. 

1895 

76,650 

1895 

. 48,250 

1897 

. 51,600 

1898 

45,000 

1899 

. 40,143 

1900 

. 47,000 

1901 

40,000 

1902 

'. 32,400 

190a 

. 25,900 

1904 

. 35,400 


Year. 

Tons. 

1905 

. 38,300 

1906 

43,100 

1907 

42,600 

1908 

. 38,900 

1909 

. 55,800 

1910 

. 72,300 

1911 

. 69,000 

1912 

58,500 

1913 

. *72,200 


The amount of beef tallow exported from the United States in lbs. 
and its value in dollars is given in the following table : — 
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Fiscal Year. 

V 

Lbs. 

1 

Dollars. 

1896 

52,759,212 

2,323,674 

1897 

75,108,834 

2,782,595 

1898 

81,744,809 

3,141,653 

1899 

107,361,009 

4,367,356 

1900 

89,030,943 

4,398,204 

1901 

77,166,889 

3,848,561 

1902 

34,065,758 

1,924,577 

1908 

27.368,924 

1,623,852 

1904 

76,924,174 

3,801,302 

1905 

63,536,992 

3,022,173 

1906 

97,567,156 

4,791,025 

1907 

127,857,739 

7,182,688 

1908 

91,397,507 

5,399,219 

1909 

53,332,767 

3,000,366 

1910 

29,379,992 

1,779,616 

1911 

29,813,1.54 

1,933.681 

1912 

39,451,419 

2,388,046 


The amount of tallow imported into the United States is given in 
the following table : — 


hnports 


Fiscal Year. 

Lba. 

Value in Dollars. 

1904 

104,767 

11,662 

1905 

278,188 

16,887 

1906 

908,269 

63,805 

1907 

424,876 

29,925 

1908 

.304,765 

23,074 

1909 

.364,964 

26,299 

1910 

911,472 

68,483 

1911 

984,383 

81,640 

1912 

347,837 

26,695 


The imported tallows are chiefly of the first-named quality, viz. 
rendered tallow containing all the fat from the carcass. These tallows 
are sold according to their titer (titre) and colour. A description of the 
titer test has been given Vol. I. Chap. VIII., where also its commercial 
importance has been discussed, and titer test values of the commercial 
tallows have been tabulated. 

As regards colour, the commercial brands are differentiated as 
“ good colour,” “ off colour,” “ no colour,” etc., and are merely judged 
by the standards agreed upon between sellers and buyers on the Londop 
market. There is a further distinction made between “ beef,” “ mutton,” 
and “ mixed ” tallows. 

During recent years, in consequence of the great demand for edible 
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fats, the production of ‘ prefer jus ” for export to Europe has been 
established on a large scale in oversea countries. Such tallow is not 
only carefully prepared from fleeted rough fat (see above), but it is also 
mtered over fuller s earth, so that it arrives in a perfectly soimd state 
in Europe, and when carefully packed will keep for months in a sound 
condition. Thus the production of oleomargarine and oleostearine for 
export to Europe has assumed considerable dimensions during the last 
few years. It may be noted here that tallow gives on an average 60 
per cent of oleomargarine and 40 per cent of pressed tallow. 

The exports of oleomargarine (oleo oil), including neutral lard, from 
the United States in lbs. and their value in dollars are given in the 
following table : — 


Fiscal Your. 

Lbs. 

1 Dollars. 

1896 

103,276,756 

8,087,905 

1897 

113,506,152 

6,742,061 

1898 

132,579,277 

7,901,413 

1899 

142,390,192 

9,183,659 

1900 

146,739,681 

10,503,856 

1901 

161,651,413 

11,846,373 

1902 

138,546,088 

12,254,969 

1903 

126,010,339 

11,981,888 

1904 

165,183,839 

12,873,558 

1905 

145,228,215 

11,485,145 

1906 

209,658,075 

17,445,976 

1907 


16,819,933 

1908 

215,479,332 

19,578,222 

1909 

182,874,304 

19,420,376 

' 1910 

129,510,307 

1 1,65.5,052 

1911 

180,358,657 , 

18,201,515 

1912 

192,412,458 

20,461,591 


The dimensions which the trade in oleomargarine has assumed 
may be gathered from the following tables : — 


Imports of Oleomargarine into the United Kingdom 


— 

Value. 

£ 


Value. 

£ 

1898 

257,595 

1905 

495,212 

1899 

203,435 

1900 

591,058 

1900 

300,253 

1908 

1,226,722 

1901 

298,810 

1909 

1,284,554 

1902 

292,988 

1910 

1,116,383 

1903 

370,000 

1911 

739,974 ! 

1904 

324,115 

1912 

834,282 
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Exports of Oleonmgarine from the United Kingdom 



Value. 


Exports of Home 

Re-exports of 


Production. 

Imports. 


V 



£ 

£ 

1898 

21,954 

56,410 

1899 

26,874 

63,076 

1900 

16,803 

87,834 

1901 

16,857 

83,438 

1902 

31,283- 

60,566 

1903 

10,048 

81,082 

1904 

3,309 

80,347 

1905 

10,730 

188,731 

1906 

21,733 

205,363 

1908 

30,187 

261,335 

1909 

80,226 

358,881 

1910 

206,360 

467,008 

1911 

351,496 

306,743 

1912 

437,873 

455,821 

. 

. 




On pressing tallow for tlic production of “ stearine ” tallow oil is 
obtained as a by-product. 

Xallow oil (P'rench, huile de suif ; German, Tahjol) is liquid or 
semi-solid according to the temperature at which it has been expressed. 
Tallow oil is chiefly used in admixture with mineral oils as a lubricat- 
ing oil. Its solidifying and melting points, as also its iodine values, 
naturally vary according to the conditions under which the taflow has 
been expressed. Hence the following characteristics have only limited 
application ^ 


Specific i 
Gravity. ! 
at 100 ^ C. 1 

Titer Tost. 

Iodine Value. 

i 

Iodine Value 
Mixed fatty 
Acids. 

Miuiinen6 

'J’cst. 

“ C. 

0-794 

34-5-37-5 

1 

' .55-8-5C-7 

54-6-57 

o 

AO 

CO 

1 

t 


4 . 


Beep Tallow 

• French — Suif de hosuf German — Rindertalg. 

Italian — Sego di hove. 

For table of characteristics see p. 768. 

Beef tallow when freshly rendered is nearly white, free fronj dis- 
agreeable odour, and almost tasteless, Such quality is represented 

^ Gill anil Rowo, Journ. Amer. Cliem. Soc.^ 1902, xx^. 466. 
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by “ Home-melt beef tallow/’ Imported tallow passes through all 
gradations^ from “ bleached ” white to slightly yellowish tallow 
(Australian), through darker yellow (North American, South American) 
to finally the off-coloured lowest grades (North American, Australian 
“ no colour ”). 11 

Tallow was until recently considered to consist exclusively of the 
glycerides of palmitic, stearic, and oleic acids. The amount of olein 
used to be calculated from the iodine value. Thus a tallow absorb- 
ing 43 per cent of iodine was looked upon as containing 60 per cent of 
olein. It is not unlikely that owing to the influence of vegetable fats 
given withithe food (oilcakes, etc.) less saturated acids than oleic acid 
may be found. Farnsteimr claims to have obtained small quantities 
of linolenic hexabromide, pointing to the presence of small quantities 
of linolenic acid in beef tallow.^ Recent researches have further shown 
that it is no longer permissible to adopt the view that palmitin, stearin, 
and olein are contained as simple triglycerides in tallow, as the follow- 
ing mixed glycerides (although still in an impure state) have been 
isolatecfby crystallising tallow from solvents : —oleodipalmitin, stearo- 
dipalmitin, oleopalmitostearin, palmitodistearin (see Vol. 1. Chaps. I. 
and XTL). 

Recently Bbmer ^ has shown that by frequently repeated crystal- 
lisation of tallow from ether approximately IJ per cent of pure trist^arin 
can be isolated. 

The examination of tallow by the fractional distillation of the 
methylesters of its mixed fatty acids for the presence of small quantities 
of mypistic acid is desirable (cp. “ Lard,” p. 698). 

On treating be^f fat and oleomargarine with 95 per cent alcohol 
in the same manner as described under “Lard” (p. 699), glycerides 
richer in olein pass into the alcoholic, solution. The characteristics 
(l)tof the original fat, (2) of the alcohol soluble, (3) of the alcohol 
insoluble portion arc collated in tlie following tabl# (Arnold^) : — 


^ Zeits /'. UiiUn. d. Xahiys- u. Genussm., 1899, ‘25. 

2 (xiv.), m. 

3 IbuL, 1907, 179. 
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The proportions of palmitin, stearm, and olein in the fats rendered 
from different parts of t^same beast vary. 

The following table cMpiled from the figures published by Moulton 
and Trowbridge ^ shows the characteristics of fats from different parts of 


^ Journ. Ind, and Eng, Ghenuif^l909, 761 . 
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the beast. The samples were taken from nine steers. These observers 
conclude that the iodine value of the fat increases with the age of the 
animal and also with the fatness.^ The internal fats have lower iodine 
values than those near the skin. 



liKline 

Value. 

Melting Point, 

Saponification 

Vaiuo, 


Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Kidney fat . 

Offal fat 

40-84 

29-50 

48-10 

4505 

199-9 

192-3 

38-39 

30-60 

48-58 

45-30 

199-1 

195-8 

Circulatory system . 

31-78 

31-17 

48-10 

45-95 

201-7 

196-1 

Loin fat . . . 

43-04 

32-30 

46-75 

41-95 

200-4 

189-4 

Head- tail fat 

42-38 

35-35 

45-20 

43-50 



Inside chuck fat 

46-00 

.34-04 

46-05 

40-60 

199-3 

195-6 

Cod fat 

46-91 

36-57 

45-25 

.39 85 

199-5 

196-9 

Chuck-neck fat . 

45-05 

39-93 

44-70 

41-50 

196-1 


Rib fat . . . 

47-14 

36-32 

46-55 

39-80 

200-4 

186-2 

Composite fat . 

Fat between hind legs 

45-90 

36-74 

44-70 

42-00 

197-0 


44-83 

41-51 

42-80 

39-65 

20M 


Flank fat . 

47-36 

43-68 

44-90 

41-70 

194-0 

184-8 

Rump fat . 

47-55 

37-13 i 

: 44-65 

39-60 

197-8 

194-30 

Round fat * . 

49 25 

37-13 / 





Plate fat . 

49 44 

47-11 

; 42-70 

40-70 

196-0 


Shin-shank fat . 

51-95 

47-29 

' 40-70 

38-50 



Outside rump fat 

54-48 

43-22 

; 42-60 

35-25 

196-6 

lih 

Outside rib fat . 

54-25 

40-95 

1 44-60 

33-20 

200-2 

180-6 

Same, inner layer 

49-35 

45-95 

1 38-70 

35-35 

202-3 

199-2 

Outside chuck fat . 

46-68 


1 38-95 


199-1 


Brisket fat . 

59-75 

49-b 

! 35-50 

33-^5 

206-1 

1 ' ' 1 

Marrow fat 

58-93 

53-92 

1 .38-10 

25-70 




On the assumption that the fatty acids of tallow consist of palmitic, 
stearic, and oleic acids only, an assumption which may be considered 
as correct for all practical purposes, the composition of a sample may 
be arrived at by determining the proportion of stearic acid in a direct 
manner by the method described Vol. 1. Chap. VIII. In the examina- 
tion of several samples of tallow the author found from 21 to 22 per cent of 
stearic acid. The specimen examined by Kreis ami Hafner (see table, 
p, 732), of the iodine value 35-8, gave 39-5 per cent of stearic acid.^ 
Link 2 in a tallow of the iodine value 33 found solid acids 51-6 per cent 
containing 45 per cent of stearic acid, the melting point of which was 
67-5° C. The total fatty acids contained 23-2 per cent ol stearic acid. 
The proportion of oleic acid can be calculated from the iodine value ; the 
difference gives then the amount of palmitic acid. The variations in 
the percentage of stearic acid in beef fat from different parts of the 
body of the same animal are implicitly expressed by the percentages 
of “ stearic acid ” of solidifying point 54*8*^ C. given in the table, p. 637 
of fourth edition. (It should, of course, be noted that the “ stearic 
acid ” includes palmitic acid.) 

^ 1 It should, howover, be noted that Krm and H(^fn!^d not detennine the melting 

point of their “stearic acid,” hence the figure 39 *5 per cent must be accepted with 
reserve. 

^ Determined in the author’s laboratory. > 



Physical and Chemical Characteristics of Beef Tallow 



Berlin town tallow. ® American beef. 
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It has been pointed out already that tallow frequently undergoes 
a ‘‘ demargarinating pfocess,” by being subjected to pressure in 
hydraulic presses, when “ beef stHrine ” and “ tallow oil are obtained 
(see p. 764). 

Beef stedHne differs in its chemical composition, not only owing 
to the variation of different specimens of tallow, but also with the 
pressure applied in the hydraulic press and with the lengths of time 
during which the pressure has been allowed to act on the tallow. Com- 
mercial samples of beef stearine have melting points varying, as a rule, 
from 49° to 63° C. The iodine value varies from 8 to 15 and even to 
20 and the percentage of stearic acid rises in inverse ratio to the 
decrease of the iodine value ; thus Hehmr and Mitchell found in a beef 
stearine absorbing 2-0 per cent of iodine 50-2-5M per cent of stearic 
acid. Recently Bomer ^ has shown that by frequently repeated crystal- 
lisation of beef stearine from ether approximately 4*5 per cent of pure 
tristearin can be isolated. It should be noted that beef stearine is 
more soluble in petroleum ether (of specific gravity 0-648) and methyl- 
ated ether (of specific gravity 0-7175) than is lard stearine (Dunbp), 
This is of importance in the detection of beef stearine in lard ((!p. 
“ Lard,” tables, p. 732). 

Beef stearine obtained from “ premier jus ” is used for edible 
purposes in the manufacture of margarine, as also in the manufacture 
of compound lards and in the preparation of “ suet substitutes ” (see 
Vol. III. Chap. XV.). 

The amomit of free fatty acids in tallow varies considerably with 
the state of purity. In freshly rendered tallows the proportion of 
free fatty acids is negligible and rarely exceeds 0-5 per cent ; in com- 
mercial samples the percentage of free fatty ^cids may rise to 25 per 
cent and even more. Hence the acetyl values shown by tallows of 
different states of purity will also vary. Thus Lewkowitsck found acetyl 
values varying from 2-7 to 8-6 in different brands of tallow. It need 
hardly be repelled (cp. Vol. I. Chap, VI.)- that these acetyl values do 
not indicate the presence of hydroxylated acids. In this connection it 
may be pointed out that Fahrion ^ fomid in a specimen of tallow 0-13 
per cent of “ oxidised ” acids. 

The valuation of “ premier jus ” and oleomargarine is based in the 
first instance on the taste and on the absence of free fatty acids and 
freedom from rancidity. Samples of oleomargarine exanjined by the 
author contained from 0-29 to 0-6 per cent of free fatty acids. Not- 
withstanding this amount of free fatty acids, these oleomargarines 
were perfectly suitable for the manufacture of margarine and other 
preparations intended for edible purposes. On reducing oleomargarine 
by Paal and Roth's method, Vol. I. p. 45, a hard crystalline almost 
tasteless mass was obtained which softened at 47° C., and melted com- 
pletely at 55° C. Its iodine value was 1-2. The determination of the 
iodine value and of the melting point is of se^dary importance and 
need only be resorted to if special circumstan® demand examination 

^ 2eits. /. Unteis, d. Nahrgs- u. Ge7imm., 1907, xiv. 111. 

^ Zeitschr.f. angew. C/iem., 1898, 784. 
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in ibis direction. With regard to the detection of colouring matters 
in «dible tallow cp. p. 795 and Vol. III. 

Tallow may be bleached by mearif of fuller’s earth, or in some cases 
poijassium dichromate and hydrochloric acid. Simple steaming with 
or without a small amount of caustic soda will sometimes cause the 
d^iik coloured colloidal impurities to coagulate and so settle out. 

The ‘Valuation of commercial tallow for the purposes of soap- and 
usiiidlemaking is based, in the first instance, apart from the colour, 
on the proportion of water and 'non-fatty matter and on the solidifying 
T^jjljjit (“ titer ”) of its fatty acids. 

The proportion of water is determined in the usual manner. The 
following commercial method was introduced by A. Norman Tate : — 
H.#it 50 grms. of the sample in a porcelain crucible or a silver crucible 
to 30° C. and keep it thereat until bubbles cease to be given off and 
the melted fat is in a condition of calm fusion without giving off vapours. 
'MiT! fat is then allowed to cool, and is weighed. The loss is calculated 
as moisture (cp. Vol. 1. Chap. IV., also p. 751). In the case of pure 
fat,s Tate’s method yields correct results. In the case of tallows with 
which lime soaps have been fraudulently admixed, the determination 
of 3lie moisture by this method leads to too low results, as lime soaps 
rel^in moisture with great tenacity. This happens especially in tlie 
ca.i^ of bone fats (cp. p. 751), as is sliown by the following analyses, 
due to Shukoff and Schestakojf 


Moisture in Bone Fats 

Usual Mctliod. ^ Noniifin 'I'ate’s Method. 

Per cent. Per cent. 

2-80 ... . . 1‘90 

6-11 . . ' . . . . 4-30 

d. Norman Tate (ft Co., in a private communication to the editor, 
hoviever, maintain the accuracy of their method, and adduce in support 
of iheir contention comparative tests with fats containing known 
an\i]unts of lime soap and water. 

Impurities — not fat—nre determined as described, Vol. I. Chap. IV. 
(cp. also bone fat, p. 751). The titer test must be determined with 
due observance of the details given in Vol. I. Chap. VIII. 

The higher the titer the more valuable is'^the tallow for the pur- 
T^jg^s of the candlemaker and soapmaker. The following empirical 
tabb compiled by Dalican is still used in a number of candle-works 
for Jin approximate estimation of the yield of commercial stearic acid 
fro riL tallows having the solidifying points recorded in the first column 
of 3iie table - 


ITable 



XIV 


BEEF TALLOW 


771 


Solidifying Point. 
Titer Test. 

Ciominprelal 
Stearic Acid, 

Oleic Acid. 

’C 

Per cent 

Per cent. 

35 

25*20 

69*80 

35*5 

20*40 

68*60 

36 

27*30 

67*70 

30-5 

28*75 

66*25 

37 

29*80 

65*20 

37-5 

30*00 

84*40 

38 

31-25 

63*75 

38-5 

32*15 

62*85 

39 

33*44 

61*56 

39*5 

34*30 

60*80 

40 

35*15 

59*85 

40*5 

36*10 

58*90 

41 

38*00 

67*00 

41*5 

38*95 

66*05 

42 

39*90 

55*10 

42-5 

42*75 

52*27 

43 

43 70 

51 30 

43*5 

44*05 

50*35 

44 

47*50 

47*50 

44*5 

49*10 

45*60 

45 

51*30 

43*70 

45*6’ 

52*25 

42 75 

40 

53*20 

4 1 *80 

46*5 

55*10 

39 90 

47 

57*95 

37*05 

47*5 

cc 

o 

36*10 

48 

61*75 

33*25 

48*5 

06*50 

28*50 

49 

71*25 

23*75 

49*5 

72 *‘20 

22 80 

50 

75*05 

19*95 

50*5 

77*10 

17*90 

51 

79*50 

15*50 

51*5 

81*90 

^ 13*10 

52 

84 00 • 

11*00 

52*5 

88 30 

6*70 

53 

92*10 

2*90 


Tallows of a lower titer than 41° C. are unprofitable to the candle- 
maker^ and arc therefore chiefly employed for soap-making. 

A large amount of free fatty acids depreciates the value of a 
tallow considerably^ as the candle material obtained from such tallow 
in the lime saponification process turns out dark ; also soaip made from 
such tallow has an inferior (“ foxy ”) colour. 

In the valuation of tallow for lulmcating purposes the titer test is 
of secondary importance^ whereas the determination of the amount of 
free fatty acids affords the necessary guidance. 

Adulterants in tallow are easily detected by means of the quanti- 
tetive reactions.^ If required the phytosteryl acetate test may be 

^ Link in a tallow having a titer test 45‘3 and containing 23 ’2 per cent of stearic 
acid found 51 '6 per cent of solid achls of the iodine value 9‘6 and 45‘6 per cent of liquid 
acids of the iodine value 63'6. 

^ The different behaviour of cocoa nut oil and palm kernel oil soaps from that of 
tallow soap to solutions of common salt and caustic alkalis has been frequently 
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applied for the detection of vegetable oils and fats. It must, however, 
be added that at present tallow is but rarely adulterated with vegetable 
oils or fats. A not infrequently used adulterant is “ whale stearine,!* 
which will be shown by the high iodine value of the liquid fatty apids 
and also by the isolation of octobromides. Even paraffin wax has been 
used as an adulterant, particularly in tallow used for launching ships 
^ where hardness of texture is a desideratum. Home tallow is sometimes 
adulterated with distilled grease siearine (Chap. XVL). Adulteration 
with waste fats is on the increase ; high percentage of free fatty acids 
and high proportions of unsaponifiable matter indicate the adulteration. 
A tallow thus adulterated has a peculiar smell, a high acid value, 
and a somewhat high amount of unsaponifiable matter. If the 
latter after boiling with acetic anhydride and adding concentrated 
sulphuric acid exhibits a green fluorescence,^ the presence of isocholesterol 
and, inferentially, of distilled grease stearine would be indicated. The 
fatty acids obtained from tallow thus adulterated turn yellow after a 
few days, and exhibit the peculiar smell characteristic of wool fat and 
its derivatives. 

A high acid value may also point to admixed stearic acid (“ cotton 
stearine ”) from cotton seed mucilage (Chap. XVL) ; in that case, of 
course, the isocholesterol reaction will not be obtained, but the acid 
value and the amount of unsaponifiable matter will be found to be high.^ 

Goat’s tallow, sold in commerce as mutton tallow, is considered 
by candlemakers as an adulterant. Although such tallow has a high 
melting point, it is not suitab’e for candles, owing to its fatty acids not 
crystallising readily, but solidifying to an amorphous mass, from which 
it is difficult to remove the imprisoned oleic acid. The candles pre- 
pared in the ordinary way from goat’s tallow are of low quality, do 
not possess the metallic ring of first-class candles, and easily become 
discoloured through their persistently retaining oleic acid. Goat’s tallow 
is best detected by the smell given off on warming the sample (ChevreuVs 
“ acide hircique ”). 

This class of tallow plays an unimportant part in the world’s market. 

Analyses of fats from different parts of the American buffalo (bison) 
are given by Schmidt ^ in the following table : — 


employed as a iiieaus of detecting cocoa nut and palm nult^oils in tallow. Such methods 
have been detaVed iu the second edition of this work, pp. 696, 697, but were omitted 
in the third edition, since they have been superseded by more ex})editiou.s methods. 
They are referred to here because the same principle has again been proposed recently 
(Cohn, Chetri. Zeii., 1907, 854). 

^ Lewkowitsch, Journ. Soc. Chm. Ind.^ 1892, 142. 

2 In Germany paraffin oil is used by the custom-house ollicers for “denaturing” 
tallow if caustic soda be objected to. According to the regulations of the United States 
Department of Agriculture tallow which IS unfit for edible purposes must be denatured 
either with sufficient kerosine (burning oil), or with coal-tar creosote, to give it a distinct 
taste of these substances, or with the colouring matter “Sudan III.” 

^ Journ, hid, Eng, O/iem,, 1912, No. 8. 
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Name of Fat, 

Specific 
Gravity at 

n\ 

Caul fat . 

0*9263 

Kidney fat 

0*9346 

Ruffle fat 

0*9364 

Paunch fat 

0*9244 

Chip fat . 

0*9344 

.i-. 



Saponlllca- 
tion Value. 


200*6 

199*3 

199*4 

204*2 

199*6 


Iodine Value 
(Wga). 

Free I'alty 
Acid.s, 

Per cent. 

Titer Test. 
“0. 

33*23 

0*90 

60*1 

29*46 

1*66 

62*2 

32*60 

1*90 

suo 

34*92 

1*50 f 

47*4 

36*16 

1*26 

49*0 


For the fat obtained from the Indian bufialo cp. “ Butter fat,” 
p. 807. ^ 


MUTTON TALLOW 

French Suif de inouton. German — Hammeltak/. 

Italian — Sega di monione. 

For tables of characteristics see pp. 774, 775. 

Mutton tallow closely resembles beef tallow ; it is frequently mij^ed 
with the latter and is then sold as “ mixed tallow.” Mutton tallow is 
as a rule harder than beef tallow, and consequently its solidifying and 
melting points, as also those of its fatty acids, are higher ; it is more 
liable to turn rancid than is beef tallow, and has as a rule a “ stronger,” 
more unpleasant flavour than beef tallow. For this reason it cannot 
be used in the mani^facture of first-class butter-substitutes or high- 
class toilet soaps. 

Recently Bomer^ has shown that b)r* frequently repeated crystal- 
lisation of mutton tallow from ether approximately 3 per cent of pure 
tristearin and of 4-5 per cent each of stearo-dipalmitin (dipalmito- 
stearin) and of palmito-distcarin can be isolated (cp. Chap. XII.). 

Mutton “ stearine ” behaves with solvents (petroleum ether and 
ordinary ether) much like beef stearine (cp. tables under “ Lard 

The fat rendered from different parts of two sheep gave, according 
to Moser ^ the following results : — 


Fat from 

Faf. 

• 

Fatty Acids. 

Solidifyiiif* 

Point 

Moltiiij' 

Point 

Saponilicatioii 

Value, 

Solidifying 

Point 

Melting 

Point. 

Kidneys . 

•c. 

40'7-40-9 

*C. 

51 •0-55-0 

194 8-195 2 

“C. 

51-9-51-9 

•c, 

56-2-56 6 

Caul and intestines . 

39'2-397 

* 52 0-52-9 

194 -6-194 -8 

50-4-50-8 

54 -9-65 '8 

Adipose tissue 

34 *1-34 -9 j 

«9r>-49-6 

194-2.194-4 

43-7-46-2 

50-7-51 1 


^ Zeits.f. Unters. d. Nahrgs- u. Genusm,, 1907, xiv. 116 ; 1909, xvii. 396, 
^ Bericht der Thdtigkeit der Landw^-^Vermchsst, Wim^ 1882, 1883. 




Prom kidney. ^ From flare. ^ Australian mutton. Home-refined 
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A specimen of mutton tallow of the iodine value 42*6 contained 
35-5 per cent of stearic acid ^ (Kreis and Hafner). 

The information contained in the following table, due to Hehner 
and Mitchell,^ is very instructive ; the different specimens of fat were 
taken from a Scotch sheep eighteen months old 


Fat from 

Iodine Value. 

Molting Point of 
Fatty AckIr, 

Stearic Acid. 


Per cent. 

•c. 

Per cent. 

Kidneys . 

48‘16 

46 -6 

26 *2-27 -7 

Hack 

61-3 

41*4 

24*8 

Neck 

48-6 

42*2 

16*4 

Breast 

58-2 

33*8 

About 1 

ilani 

60-6 

40*8 

No deposit after 
two days. 


A special kind of mutton tallow is “ graisse de couyrouck ” obtained 
from the extraordinarily developed caudal appendix of a Turkish . 
sheep. 


BUTTER FAT 

French— Be we de vache. German— Buiterfett. 

Italian — Burro di vacca, 

j:)uiter fat or milk fat is contained in cow’s milk. 

Egyptian butter prepared by the natives is also largely admixed 
with the milk fat from the buffalo, sheep, and goat.® 

The production of butter on the farm is one of the oldest house 
industries, and is so well known that it requires no description here. 
Moreover, as a house industry it is rapidly dying out in the densely 
populated countries, not only on account of the naturally limited 
amount of milk that can be provided for this purpose in any one locality, 
but also because the essential conditions for butter production, viz. 
cleanliness and cooling arrangements, cannot be attained readily. The 
house industry is rapidly giving way in all butter-producing countries 
to a large scale manufacture in creameries, i.C: establishments which 
collect the freSh milk from a number of farms and work it up into blitter. 
These creameries may well be likened to a factory dealing with the pro- 
duction of edible oils and fats. In these factories the chief essentials 
on which successful manufacture rests can be scrupulously observed. ' 
The milk is received in the freshest state possible, pasteurised if necessary, 
and the cream separated by milk separators, ^ which are either worked 

^ It .should, however, I)e noted that Arm and Hafner did not determine the melting 
point of their “stearic acid,” hence the figure 35 '5 per cent must be accepted with 
reserve. 

2 Analyst, 1896, 327. 

* Cairo Scientific Joum., 1911, 297. 

* For a C'auadiaii “butter separator,” cp. Canada, Departmmt of AgricuUwe, 
Central Experimental Farm, Ottawa, Ont, 1906, Ottawa, 1907. 
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by band or are belt-driven. The best-known belt-driven machines 
are the Alpha-Laval cream separators, which furnish in the form of 
cream the largest amount of the fat contained in the milk.^ It is recom- 
mended to sterilise the milk intended for butter and cheese-making by 
heating to 60 C. for 20 minutes which is said to be sufficient to destroy 
the tubercle bacilli.^ The ripening of the cream ® (either by naturally 
prepared starters ” or by pure culture starters ”) is also carried out 
in these establishments with scrupulous cleanliness which is hardly 
practicable in a farm-house. The churning ^ of the ripened cream is 
practically a mechanical process and consists in causing the butter fat 
globules to coalesce and so to form the commercial butter ; it is carried 
out in these establishments on a manufacturing scale, as is also the 
washing^ and the “working” of the butter on the “butter table.” 
The object of these latter operations is to remove as far as possible 
the milk which is detrimental to the keeping of the butter. Frye ® 
patents a process whereby the cream is subjected to an electric current 
which is stated to cause the fat globules to coalesce. On the butter 
table, if required, salt also is added. The machinery employed through- 
out is similar to that described under “ Margarine Manufacture,” Chap. 
XV. In fact, it may be said that the greatest impetus has been given 
to the production of butter on a manufacturing scale through, the 
margarine manufacture. 

Butter produced in these establishments is known as “creamery 
butter.” 

In consequence^ of the insufficiency of the European home pro® 
duction, enormous amounts of butter are imported into Europe. A 
lafge quantity of such butter is sold in its original form. By no means 
insignificant amounts are, however, “ blended ” in “ butter factories ” 
with home-produced butter on butter tables (see Fig. 1, Vol. III.), or 
in mixing machines. The mixture is still, of course, butter, but it can 
be differentiated from “ creamery ” butter by its different “ grain ” or 
“ texture,” the natural, smooth grain of the once finished butter 
having been “ broken ” by the mixing together, on the butter table, of 
the foreign butter with butter produced in creameries. 

Such butter is Jpiown as “ factory butter.” ^ The keeping qualities 
of factory butter are inferior to creamery butter. 

With the increased production of butter the difference between 

^ For the recovery of fat from tlie butter milk cp. Liming, Swedish patent 35,635. 

^ United States Dept. Agric. Bureau of Animal Industry, 1909, 179. 

Special ripening machines of tinned Ibp per are made by E. Ahlboru, Hildesheini. 
Contact with iron is said tt) give the butter an unpleasant metallic flavour. 

^ E. and H. H. Bchou (English patent 5810, 1908) dispense with churning by 
passing ripened cream over chilled rollers. Cp. also A. H. Borgstrom ; English patent 
6394, 1907, French patent 387,6.53 (1908). 

^ Washing with water of an impure character may cause rancidity ; hence it is 
recommended to sterilise the water by means of the uviol light (Dornie and Dairie). 
Ghevr. Zentralbl, 1909 (ii.), 1001. The ultra-violet rays have also been used for sterilising 
the butter itself ; cp. French patent 400,921 {SociU^ le Ferment). 

® French patent 389,836. 

According to another definition, “ factory butter " is made by the old proi^ess of 
putting milk in dishes and allowing the cream to rise before separating, whereas 
“creamery butter ” is obtained from milk by the aid of centrifugal apparatus. 
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“ creamery butter ” and “ factory butter ” tends to disappear more 
and more. Some of the largest creameries can now hardly be differ- 
entiated from factories^ the creamery butter produced by them being 
only a small fraction of their total output of butter. Even creameries 
have, therefore, commenced to add to their butter boric acid as a pre- 
servative, so that one characteristic difference that once distinguished 
creamery butter from factory butter has practically ceased to exist. 
Indeed, creameries no longer guarantee the whole of their output as 
free from boric acid, a warranty in that respect being only given for 
limited amounts sold at a higher price. 

Even in oversea countries the necessity has arisen for collecting 
the produce of a number of farms and blending it in central establish- 
ments. In New Zealand these establishments are termed “ packing- 
houses,” and the butter prepared there is shipped as “ milled butter,” 
this word having been chosen to distinguish this butter from creamery 
and factory butters. 

The chief butter exporting countries of Europe are Denmark, Russia, 
Holland, France, and Sweden. 


Home Production y Exports and Imports, of Butter of several European 

Countries 



1 

1 

Homo Pro- I 

Exports 



Impoits 


Country. 

(Inction ! 
(Estiniaiod) 

l'K)4^ 

uuo 

loll 

1002 

1004 

1010. 

lOJl. 


Tons. ' Tons 

Toms. 

I’on.s 

Tons 

Toil'' 

Ton,''. 

Tons 

Tons, 

Denmark 

1 . . 69,770 

81,630 


i .• 

7000 

6900 


143 

Russia . 

37,821 

39,492 

1,603 

i 2,079 

245 

300 



Holland . 

60,000 1 22,8012 

23,007 

33>283 

! 31,013 

680 ‘ 

2054 

2493 

2739 

France ^ . 

130,000 : 24,041 

22,628 

24,936 

13,204 

6462 

4567 

6107 

9641 

Sweden . 

: 20,064 

19,570 

62^ 1 

592 


.. 


o 

Smaller quantities of butter are exported from Norway, Italy, and 
Belgium. The exports from Siberi^were in 1912 75,000 and in 1913 
86,000 tons. Germany has practicmiy ceased to be a butter-exporting ^ 
country, and she now imports considerable quantities from Denmark, 
Holland, Sweden, Finland, Siberia, and oversea countries. * 

The imports into and exports from Germany are as follows 


^ In 1908 64,000, of which 41,000 is “Dutch control.” 

^ In 1908 to Germany 14,900 tons. 

^ Fuller details will be found in Ijewkowitsch, Technologie et analyse, chiviujues des 
huiles, graisses et cires, tradiiit par E. Bontoux, p. 1262. 
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0 

Imports. 

Ex{K)iis. 


Tons 

Tons. 

1902 

16,689 

2199 

1904 

34,399 

801 

1908 i 

33,849 

218 

1909 ’ 

44,058 

204 

1910 I 

; 41,427 

181 

1911 , 

66,398 

262 



1 

. 


The importance which Finland has gained as a biittcr-exporting 
country may be gathered from the following table : — 


* Exports of Batter from llango, Finland 



m04. 

1 

I'tOt j 


mil 



Cwts 

Cwts. 

Cwts 

Kilogi amines 

Kilofiranimoa. 

To Great Britain . 

1 183,392 

224,540 

232,516 

8,534,497 

7,613,839 

„ Denmark . 

i 42,796 

56,705 

38,845 

660,257 

22A661 

„ Other countries . 

5,992 

22,800 

15,547 

3,156,565 

4,269,869 


- - 

1 232,179 

304,045 

1 286,908 

12,351,319 

12,008,369 


The amount of butter produc.ed in the United Kingdom in the 
three years 1903 to 1905 averaged 1G3,140 tons, while the average 
annual imports less exports were 203, 3pl tons. The average (quantity 
consumed per head of population, calculated from these figures, was as 
follows : — 

Home -produced butter . . . 8‘6 Iba. 

Imported butter • • ' .10*7 lbs. 

Total . • • • . 19’2 Iba. 


Large quantities of butter are now imported into Europe from 
Australia, Canada, the Argentine, New Zealand, and Sifteria. 

The importance which the butter trade has acquired in the world’s 
market may be best illustrated 10thc following table which deals with 
the United Kingdom, the chief bBter-importing country of Europe 
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In order to show which countries are cliiefly supplying the Unite^ 
Kingdom with gutter I append the following table 
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^ The countries named above are those from which the quantities shown were received and are not necessarily the countries of orij 
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^ The total amount of butter produced in Australia during the years 
1902-11 was as follows : — 


Year. 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 


Lbs. 

79 , 572,327 

100 , 332,242 

140 , 255,208 

140 , 898,726 

159 , 870,662 

156 , 380,670 

145 , 317,357 

154 , 273,252 

193 , 211,909 

211 , 577,745 


The exports of butter from Canada are gradually decreasing. 

Further statistical data regarding New Zealand and Siberia will be 
found below. 

The examination of butter divides itself naturally into two parts : 
(I.) The examination of the whole butter; (IT.) The examination of 
the butter fat. 

Under the first heading I shall consider the examination of butter 
on 1;he assumption that the fat contained in it is genuine milk fat. 


I. Examination op Butter 

Butter must be looked upon as an emulsion of fat and water con- 
taining small quantities of “ casein ” (“ curd milk sugar, and in- 
organic salts. In those butters which are salted in the last stage of 
the manufacturing operation common salt will also be found. The 
following table, due to Vieth, gives a number of analyses of butter : — 

. ^ 


Origin of Butter. 

Fat. 

(’nnl. 

Balt. 

Water. 



Per cent. 

Per cent. 

Per cent. 

I’er cent. 

English 

86 ’85 

0;59 

1-02 

11-54 

French 

84-77 

1-38 

0-09 

13-76 

,, salted 
Germa .1 

84-34 

1-60 

-y-oi 

12-05 

85-24 

1-17 

1-35 

12-24 

Danish 

83-41 

1-30 

1-87 

13-42 

Swedish 

83-89 

1-33 

^ 

2-03 

13-75 


The percentages of fat given in the last table vary within some- 
what narrow limits, as the percentages of water do not differ widely. 
Butters containing as much as 90 per cent of fat are rarely met with. 
The percentage of fat in commercial butters rather tends to fall to the 
neighbourhood of 80 per cent, inasmuch as the maximum percentage 
of water \^hich butter may contain has been legally fixed in many 
countries at 16 per cent. Naturally, the tendency is, especially in 
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butter factories, to regulate the composition of the product so that it 
may contain as high a percentage of water as the particular ciroura- 
stances— nature of raw material, time of the year, etc— permit. 

Wrth regard to butter having exceptional percentages of water 
see p. 784. 

The examination of butter comprises the determination of water, 
solids-not-fat, and the detection of colouring matters and pre- 
servatives. Gross adulterants, |uch as starch, potato pulp, ground 
white cheese, etc., will hardly occur at present, since tlic sopliistication 
of butter has assumed a more scientific cliaractcr, and is practically 
confined to the addition of foreign fats. The adulteration with foreign 
fats will be considered under “ II. Examination of Butter fat ” (p. 801). 

1. Water is determined by drying a properly drawn average 
sample (cp. Ohap. IV.) at 100° C. The Society of Bavarian Anal 5 rtical 
Chemists recommend drying the butter at 100° C. for six hours, with 
occasional stirring. This would appear far too long a time for so 
simple a determination. Moreover, this modus operandi is liable to 
lead to errors, as, on the one hand, loss may occur tlirough volatilisa- 
tion of any free fatty acids, and on the other hand, an increase of 
weight may take place through tlieir oxidation. The method of Een- 
zold, described Vol. I. Chap. IV., has, therefore, come more into vogue, 
especially in Germany, ])ut even in this method the heating fo3 two 
hours appears to be somewhat long. No doubt every analyst will bo 
able to settle so simple a question by his own experience.^ 

Rivett ^ describes a process of the determination of water by treating 
a fat with calcium carbide and weighing the liberated acetylene by 
difference. He gives the figure ()-61)6 grins, of acetylene for each grm. 
of water. This process is said to yield concordant results, lower by 
about 0*3 per cent than the ordinary heating method. 

,In cases where scientific accuracy •is not the chief object, as for 
market control, the amount of water may be deteimined rapidly by 
Btrnhaum's method as modified by Wibel^ in the following manner: 
10 grms. of butter are shaken up with 30 c.c. of ether, previously 
saturated with water, in a tube corked at one end and provided with 
a stop-cock at the other, through which the separated aqueous liquid 
is run off into a second narrow graduated tube, containing 5 c.c. of 
saturated brine and a trace of acetic acid, so as to give a distinct red 
colour with litmus. The increase of volume, due to the water in the 
butter, is then read off. The results are stated to oe but slightly 
below those obtained by gravimetric analysis.^ 

^ For Crimers method of determining the amount of water hy means of the critical 
temperature of dissolution the reader must he referred to the Bull, de V Assoc. Beige 

des Chim., 1896 (9), 3r>9 ; Amdyst, 1896, 241. Cp. A. Schoonjan’s Bull Sue. Chim. 
Belg., 1908, 342. Jeaei Barthohmd says : It iodine value is low and sapoiiilication value 
high, the fatty matter is likely to return the largest amount of water. 

Chem. News, 1911, 261 ; cp. also Jungkunz, Glteni. ZeiL, 1914, 91. 

•* Jou/rn. Soc. Chem. Ind., 1893, 630. 

^ Cp. also Poda, Zeits. /. Unters. d. Nahrgs- u. Cenus.m., 1901, 492 ; F. Bengeii, 
ihki., 1908 (xv.), 687. G. H. Geldard, English patent 18,496, 1902; M. Vogtherr, 
French patent 324,746, 1902. Witli regard to Nicholls' “Sensihle Apparatu.s” see 
A. Winglor and J. v. Sury, Chem, Zeit., 1908, 1140. 
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Many other rapid methods and apparatus have been proposed. 
Their description necessarily falls outside the scope of this work, as 
they are unable — and indeed do not pretend — to furnish accurate 
quantitative results. 

The proportion of water in butter depends to a large extent on 
the skill of the producer, shown by observing the proper temperature 
and regulating the ifinal stages of the “ working ” of the butter so as 
to eliminate as much water as posable. As the knowledge of proper 
modes of manufacturing is being spread through dairy schools^ and 
suitable appliances for expressing the excess of water are being intro- 
duced largely, the proportion of water in European butters lies now 
mostly between 11 and 14 per cent, although it may rise to 16 per cent. 
From figures derived from 111 samples of butter made in Northern 
France 97 contained 16 per cent and under of water, l(>from 16 to 18 
per cent, 2 from 18 to 19 per cent, the remaining 2 contained 20-5 
and 23-3 per cent of water respectively. 

If butter is made at a somewhat high temperature— as is the case 
in the West of Ireland — the water cannot be removed so readily as 
in dairies in which the cream is cooled properly ; the proportion of 
water in “ Irish butter ” is therefore high, rising to 25 per cent and 
more. 

fci this country the limit of 16 per cent for the proportion of water 
in butter has been legalised, and such exceptional butter as Irish 
butter may only be sold provided a sufficient disclosure is made to the 
purchaser. 

Some butters imported from abroad have a low percentage of water 
(see below) and are, therefore, dry and hard owing to their having 
been kept in cold storage, and difficult to handle in the retail trade. ^ 
In consequence of this difficulty there has sprung up a trade, the 
object of which is to incorporate water with such butters. Under ^ihe 
pretence of making such butters— chiefly colonial butters— more easy 
to handle in the retail trade, there is sold under the name of milk- 
blended butter an artificially prepared butter, containing from 20 
to 25 per cent of water. It is manufactured by mixing skimmed 
milk or whole cream with butter, and adding preservatives so as to 
prevent the milk from “ souring.” It is evident that this is tanta- 
mount to incorporating water with butter. At first this adulterated 
butter was sol^ as “ butter,” but owing to the interference of the law 
the name was changed into “ milk-blended butter.” ^ 

According to the “ Butter and Margarine Act ” of 1907 the sale of 
milk-blended butter is permitted in this country provided this butter 
contains no more than 24 per cent of water. I append a few analyses 
of “ milk-blended ” butters : — 


^ Although this mixture of milk aiid butter had been the subject of numerous 
prosecutions under the Sale of Food and Drugs Acts, no High Court decision had 
been given in this matter, so that it was held that the seller of milli-blended butter 
was protected provided that a sufficient disclosure had been made to the purchaser at the 
time of sale. 
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Analysis of Milk-Blended Butters ^ 



Per cent. 

IVr ct'nt. 

Per cejit. 

Water 

26-1 

22-6 

211 

Fat 

65-2 

730 

73- 1 

Casein 

7-0 

2-8 

2-7 

Salt, etc. . 

2-7 

1‘6 

31 


100 

100 

100 


Reichert-Meissl value of fat . . 34*4 31 '3 


In the following tables I give a number of analyses stating the 
percentages o£ water in commercial butters. The numbers of the 
following table (Vieth and H. D. Richmond^) arc arranged by the 
author according to the percentages of water : — 


Kind of Butter. 

Nuinborof 

Saitiplcs 

examined. 

1 

Samples containing jier cent of Water. 

Obsei ver. 

Prom 11 •14 

From 10-15 

A bove 1(5, 1 

1 


Per cent. 

Per cent. 

Per cent 

• 

English and 




i 


foreign 

600 1 

83-8 

94*2 

0-9 1 

Vieth 

Englisli 

143 

707 

86-4 

07 

II. D Kiclimond 

Foreign 

417 

88 3 

97 ’2 

1-0 


French 

461 



8-6 


M * ' 1 

1 

48 

i 



0*0 



In the following table Martiny’s^ numbers, referring to more than 
20,000 separate analyses, are collated : — 


Country. 

Water. 

Per cent. 

Number of 
Saigples. 

England . 

1178 

$ 

334 

Germany- 
Fresh butter . 

13-96 

623 

Salt butler 

13-01 

1107 

f’rance 

13-40 

225 • 

Deimiarh 

13-99 

9847 

Sweden 

13-66 

4423 

Finland 

11-18 

438 


The percentages of water in imported butters (into England) are 
summarised in the following table (figures exceeding the permissible 
maximum of 16 per cent have been omitted from the first horizontal 

line) 


^ F Clowea Report from tJie Select Comviittec on Butter ^ade^ 1906. 

2 Analyst, 1894, 17. ^ LaMw. Jahrb,, 1898, 778. 

VOL. II 
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Origin. 1 ' Percentage. 

Argentine, French, Italian , . . 12-16 

Danish ...... 14-16 

Canadian ...... 12-16 

Australian . . . . .12-16 

New Zealand ..... 9-16 

Siberian ...... 9-14 


For purposes of “ butter-blending New Zealand and Siberian 
butters have assumed considerable importance. No doubt the fact 
that the law permits up to 16 per cent of water may induce the “ butter- 
blenders ” to add in “ blending ” so much water as to come as near 
as possible to the allowed limit. Undoubtedly some admixture of 
water is made/ and will be continued as long as the cost caused by 
the proper controlling of the percentage of water in the final product 
does not militate against this practice, but the extent to which this 
practice takes place seems to be magnified to an enormous degree in 
the imagination of those who are not acquainted with the conditions 
underlying manufacturing processes. Since butter-blending is con- 
sidered in the eyes of the law a legitimate industry, it is impossible to 
trace the addition (if any) of water made in the “ blending process.” 

In order to show what quantities of butters low in contents of 
water are available, I give the following statistical data referring to 
New Zealand butter 


Exjmi of Butter f TOM New Zealand 


Y oar. 

Toiib. 

Value. 

1886 

1,159 

£105,537 

1887 

' 850 

54,921 

1888 

1,499 

118,252 

1889 

1,898 

146,840 

1890 

1,741 

122,701 

1891 

1,972 

150,258 

1892 

2,697 

227,162 

1893 

2,907 

254,645 

P894 

3,039 

251,280 

1895 

2,898 

227,601 

1896 

3,567 

281,716 

1897 

4,950 

V 402,605 

1898 

4,840 

403,690 

1899 

6,804 

571,799 

1900 

8,629 

740,620 

1901 

^ 10,080 

882,406 

1902 

12,699 

1,205,802 

1903 

14,255 

1,318,067 

1904 

15,718 

1,380,460 

1905 

17,143 

1,514,156 

1907 


1,615,622 

1908 

11,498 

1,171,182 

1909 

16,056 

1,639,380 

1910 

17,826 

1,811,975 

1911 

16,119 

1,576,917 


^ Ci>.^eiue intern, des 1907 (20), 97. 
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The first creameries in Siberia were opened in 1893, and since then 
their number has increased to„ a great extent. The export of butter 
from Siberia to Europe has inoreased from 5,416,800 lbs. in 1899 to 
90,280,000 lbs. in 1902. (Even this did not represent the total export 
from Siberia, as considerable quantities had been sent to China and 
Japan. The exports in 1912 were 168,236,000 lbs., and in 1913 
192,840,720 lbs. With the improved conditions of transport and the 
introduction of proper methods of dairying, even in the villages of the 
Altai mountains, the Siberian export has risen rapidly.) 

2. Solids - not - fat are best determined in the sample of butter 
previously employed for the estimation of water, by exhausting the 
dried butter with ether, chloroform, carbon bisulphide, or petroleum 
ether, and weighing the residue after drying. 

If a fresh quantity of butter be taken for this determination, due 
attention must be paid to the fact that butter is not a homogeneous 
product, as different parts of the sample contain varying amounts of 
butter-milk. 

The solids-not-fat consist of casein, milk-sugar, and inorganic salts. 
By exhausting the dried residue with water, to which a trace of acetic 
'acid has been added, milk-sugar and the bulk of the inorganic salts 
are removed, leaving casein behind ; its weight is ascertained f^ter 
drying. The minute quantity of salts retained in the casein and 
found on incineration is then (hiducted. Koenig suggested to determine 
the proportion of nitrogen by Kjehkihrs process and multiply the 
result by G-25. Both methods yield identical results. The aldehyde 
titration method of Richmond and Miller^ has been applied by Miller 
to the analysis of butter. The method is as follows : — 10 grins, of 
butter are weighed into a tared beaker and melted at about 60° C. ; 
25 c.c. of water at 65° 0. are added and the mixture agitated and 
rendered faintly alkaline to phenolphthalein with go alkali ; 5 c.c. 
of concentrated formaldehyde solution are added and the mixture 
well agitated and neutralised with .jj, strontium hydroxide solution. 
The difference between the number of v.c. used in the second titration 
and that required by the formaldehyde is proportional to the quantity 
of protein present, each c.c. representing 0'01355 grm. of protein 
nitrogen, assuming that the relation of casein to albumen is as 7:1. 
The extreme errors of the method are given as -l-0*02^and - 0-025, 
compared with the Kjeldahl method when using as a factor 6-38. The 
proportion of casein (curd) in butter varies according to the length 
of time the milk (or the cream) has been allowed to stand previous to 
churning. The percentages found vary, as a rule, between 0-5 and 
2'25 per cent. The figure 4-78 recorded by Koenig must be considered 
an exceptional one. Sammis ^ of the Wisconsin Agric. Expt. Station 
describes a method for the preparation of curd from butter-milk. For 
details the reader must be referred to the original communication. 

The amount of casein (curd) has latterly become of some import- 

^ Analyst^ 1912, 60. 

Journ, Ind. Eng. Cheni,, 1910, 142. 
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ance, as adulteration of butter has been carried out by means of curd 
obtained from milk (either by coagulating it with the help of rennet 
or by adding a little dilute hydrochloric acid, pressing the separated 
curd and converting it, with the assistance of sodium carbonate, into a 
jelly). The addition of such curd permits the butter to retain an 
increased amount of water without its becoming readily noticeable 
unless recourse be had to chemical analysis. Any butter containing 
more than 2 per cent of curd should be looked upon with suspicion. 

The following is the analysis of an adulterant of this kind’^ : — 


Per cent. 

Water 66-46 

Fat 008 

Sugar 2-24 

Soluble proteids ..... 0-69 

Ash of soluble portion .... 0-35 

Ash of insoluble portion . . . ’ 0-67 

Casein by difference .... 30-6 


A genuine butter containing 0*23 per cent of casein and 11-61 per 
cent of water showed, after admixture of 5 per cent commercial casein, ^ 
0-90»per cent of curd and 16-02 per cent of water. 

The amount of inorganic salts, chiefly sodium chloride, is found by 
igniting the ether-insoluble residue from 10 grms. of butter, taking 
care, however, not to heat the ash to too high a temperature lest sodium 
chloride should volatilise. The proportion of sodium chloride is ascer- 
tained by titration with standard silver solution, using potassium 
chromate as an indicator. Sodium chlbride is determined with greater 
accuracy by melting in a porcelain dish 10 grms. of butter with an equal 
amount of paraffin wax and *’50 c.c. of water, previously acidulated 
with a few drops of nitric acid, and stirring the melted mass. After 
cooling, the cake is taken off and rinsed carefully, the aqueous liquid 
is then filtered, silver nitrate added, and the precipitated silver chloride 
weighed in the usual manner. 

The proportion of sodium chloride in 113 samples examined by 
J. Bell was found lying between 0-4: and 9-20, the majority of the 
samples yielding from 2 to 7 per cent ; only in one case 15'08 per cent 
was found. The amount of salt added to butter varies, of course, in 
different countries and localities. An excessive amount of ash will 
naturally invite further examination. * 

Milk-sugar is not determined direct, but found by difference. 

Fraudulently added substances of a non-fatty nature, such as 
starch, borax, etc., are detected as described Vol. I. Chap. IV. 

The proportion of butter fat is likewise found by difference ; it 
can, oi course, be determined direct by evaporating the ether-extract 
and weighing the residue.^ 

^ AnalysU 1906, 177. ^ ^ 

2 With regard to Gottliers method, cp. ZtiU. f. Untm, d. Nahrgs- u. Genusm., 
1906, X. 287 ; Hesse, Ghm. Zentralbl., 1905, i. 124. Cp. also Shaw, United States 
patent 1,052,098. 
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A rapid method for the direct determination of butter fat in butter 
IS given by Konig^ as follows 1 grm. of the butter is placed in a 
stoppered cylinder of 200 c.c. capacity and 9 c.c. of hot water are added. 
When the butter is melted, 2 c.c. of ammonia, 10 c.c. of alcohol, 20 
c.c. of ether, and 20 c.c. of petroleum ether are added. The cylinder is 
then shaken and the aqueous solution drawn olf. About 04 grms. of 
powdered gum tragancanth is added, and after shaking, the ethereal 
solution is decanted into*a weighed flask. The gelatinous mass is 
washed with petroleum ether, which is also added to the flask. The 
solvent is then evaporated and the residual butter fat dried and weighed. 

3. Preservatives. — Well-made butter from which the butter- milk 
has been expressed carefully, and which has been washed properly, 
will remain “ sweet ” for a sufficient length of time. In the manu- 
facture of “ milk-hlended ’’ butter the admixture of preservatives is a 
necessity, as the presence of milk — like that of all organic putrescible 
substances — tends to increase the liability of butter to become rancid, 
and at last unfit for consumption. In the case of carefully prepared 
home-produced butter the addition of preservatives, except perhaps 
pure salt (either as dry salt or as brine), is unnecessary. 

A harmless preservative of butter is salt, and butter so preserved 
will keep for several weeks, and in cold storage even for months. 
Such butter is known in the trade as salt butter, to differentiate it^rora 
fresh butter, which is practically free from added salt. The latter 
butter is either sold in the fresh state, or preserved, by being kept 
(shipped) in cold storage. 

With regard to the keeping properties of butter in cold storage cp. 
If. S. Sayer, 0. Rakn, and Bell F errand!^ With regard to the influence 
of salt on the micro-oganisms (bacteria, fungi) occurring in butter, and 
on the optimum percentage of salt, cp. Q. FetticL^ 

Saltpetre is perhaps not so harmless as common salt. This pre- 
servative has not yet been the subject of extensive physiological ex- 
periments, although it seems to be used frequently in butters imported 
from oversea countries.*^ 

Other preservatives are, however, frequently used to prevent rapid 
deterioration of butter which is made in a careless or uncleanly manner. 
Notwithstanding the fact that butter made in home dairies should 
not require the addition of any preservative, yet at certain seasons 
0*25 per cent of boric acid is added even in well-conducted creameries. 
Colonial butter is usually preserved by the addition of a mixture of 
borax and boric acid, amounting in terms of boric acid to about 0*5 
per cent, a quantity which has been approved of, as it were, by the 
Preservatives Committee (in England). In Italy the addition of 0-2 
per cent of borax is permitted. In the Argentine the admixture of 
boric preservatives is forbidden. 

With the importation of butter from foreign countries the necessity 

^ Apoth. Zeit., 1914, 223. Cp. also Kropat, Archiv d. Pharm,^ 1914 (252), 70. 

2 Zentralbl. /. Bakterien u. Parasitenkund, 1908, V02. 

> Ibid., 1»0S, ii. 22, 32. 

Cp. Rohrig, Molkerei Zeit., 1907, 1808. 
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of preserving it Las become imperative, and salt has been replaced by 
other preservatives, some of which are considered inocuous, whereas 
others must be looked upon as dangerous to health and are, therefore, 
forbidden. 

Amongst the first class of preservatives are included boric acid, 
borax, boroglycerin, glucose ; amongst the second class formalin, 
benzoic acid and benzoates, and fluorides. Salicylic acid should be 
considered as standing midway betweenithe two groups. Hence 
there arises the necessity for examining butter for the presence of 
these preservatives.^ 

Borax will be detected on examining the ether-insoluble portion. 

Boric acid is detected by adding some caustic potash to 10 grms. 
of butter fat and incinerating in a platinum dish. The ash is acidified 
with hydrochloric acid, and tested with turmeric paper. 

Richmond and Harrison ^ (using a slight modification of Thomson'' s 
method) recommended the following process : — About 25 grms. of 
butter are weighed in a stoppered cylinder ; enough water is added 
to make with the water already present 25 c.c., and tlien 10-15 c.c. 
of chloroforfn are added. The contents of the cylinder are warmed, 
mixed, and allowed to separate ; an aliquot portion of the aqueous 
solution is drawn off (each c.c. contains the boric acid in 1 grm. of 
butter), made alkaline, evaporated, ignited, and the ash extracted 
with hot water. The solution is made neutral to methylorange, boiled 
to expel carbon dioxide, and titrated with standard alkali after the 
addition of glycerol. That part of the ash which is insoluble is free 
from boric acid. For further details and improvements of this process 
(suggested by Warren) the original paper must be consulted.^ 

A more accurate gravimetric method for the determination of 
boric acid is given by Partheil ^nd Rose.^ This method has, moreover, 
the advantage that the boric acid can be obtained in substance.® 

Opinions differ as to the harmlessncss (or otherwise) of boric pre- 
servatives. Although this subject would appear to lie beyond the 
scope of this work, yet Wiley's ® summary may be reproduced here. 
“ It appears f;hat both boric acid and borax when continuously 
administered in small doses for a long period, or when given in large 
quantities for a short period, create disturbance of appetite, digestion, 
and health.” In order to show the extensive •use made of boric acid 
the following motes taken from the Government Laboratory Keport ^ 
may be added : Boron preservatives were found in 53*5 per cent of 

^ Stokes, Analyst^ 1912, 178. 

2 Analyst, 1902, 179. 

3 Ibid., 1902, 182. 

^ Berichte, 1901, 3611. 

® For the German official method cp. Fendler, Chem. ZeiL, 1906, 108 ; Zdis. f, Uniers. 
d. Nahrgs- u, Gmussm., 1906 (xii.), 137 ; ihUl., 1908, xvi. 209. Cp. also Serger, Ghein. 
ZeiL, 1911, 1127. 

® InflueTice of Food Preservatives and Artificial Colours on Digestion and Health. 
1.— Boric Add and Borax, by H. W. Wiley. Washington, U.S. Department of 
Agriculture, 1904. Cp. a crit^^m of Wiley’s Report by Liebrich (Berlin, 1906, August 
Hirschwald), and L Spiegel, (Mm. ZeiL, 1907, 14. 

Journ. Soc. Chem. Ind., 1907, lOSi. 
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Canadian butters, 93-8 per cent of Frencli butters, 93-6 per cent of 
Belgian butters, 83-3 per cent of Australian butters, 84*4 per cent 
of South American butters, 79-5 per cent of New Zealand butters ; 
the percentages refer to the number of samples taken. Butters fi'om 
southern countries in particular contained a preservative in excess of 
the amount recommended as the limit by the “ Committee on the 
Preservatives in Food.” 

Glucose. — In the United States glucose is used as a preservative 
for export butter.^ It is detected by washing the sample repeatedly 
with hot water and testing the aqueous layer with Fchlwg's solution. 
The fact should not, however, be overlooked that a slight reduction 
may be caused by milk-sugar or some of the albuminoids. 

‘ Salicylic acid is sometimes used to preserve butter.^ It is detected 
by shaking the sample with twice its volume of 20 ])er cent alcohol and 
a few drops of dilute ferric chloride. In the presence of salicylic acid 
the aqueous layer shows a violet tint.® 

Formalin (formaldehyde) is best detected by Hehner's method in 
the form given to it by Richmond and Bosely : ^ Add to the aqueous 
liquor, obtained when butter is melted, a drop of milk, and pour the 
mixture carefully on to tlie surface of concentrated sulphuric acid con- 
tained in a test-tube. In the presence of formalin a blue ring will 
appear at the zone of contact of the two liquids. A trace of fbrric 
chloride renders the reaction far more distinct. The German official 
method directs to place 50 grins, of butter in a 250 c.c. flask together 
with 50 c.c, of water, to warm the mixture on the water-bath, and 
to distil off 25 c.c. in a current of steam. To 10 c.c. of the distillate 
2 drops of an ammoniacal solution of silver nitrate are added, and the 
mixture allowed to stand m the dark. The presence of formalin is 
inferred from the reduction of the silver nitrate.^ (The reaction 
described above is a general reaction of formaldehyde with proteins.) 
This method is, however, not free from objection, since butter made 
from ripened cream may contain volatile, silver-reducing substances.® 

A new pi-eservative sold commercially consists of a mixture of 
glucose and formic acid to which a small quantity of an ester is added, 
in order to mask the smell. Since at least 0-05 per cent of formic acid 
is necessary to act as a preservative, its detection is not difficult [Rich- 
rnond'^). 

Saccharine has also been recommended for the pyreservation of 
butter. A method for its detection has been given by Bianchi and 
Di Nola ® as follows The fat is saponified with alcoholic potash in 
the usual manner. The alcohol is driven off and the soap solution 
acidified with sulphuric acid. After removal of the fatty acids, the 


,1908 


^ Cramptoii, Jourii, Avu'r. Chciii. Soc., 1898, 201. Analyst., 1898, 130. 

Jouni. Soc Chem. Iwl. 1887, 670 ; Zeits. /. Unters. d. Nahrgs- u. (kiiusm., 
(xvi.), 209. 

» Cp also Bartlie, Ihdl. Sac. Vhiin.y 1894, 516. 

^ Amhjsd 189.5, 155 ; 1896, 92, 94, 157. 

° Cp also T. Bokorny, Chem. Zeit., 1909, 1141 and 1150. 

Cp! Mayrhofer, Zeits. f. Unters. d. Nahrgs- u. Oenmsm., 1898 (.xv.), 552. 

7 Analyst, 1898, 116 ; cp. Zeits. f. Unters d. Nahrgs- u. Genussm., 1898 (xvi,), 226. 
® Boll. Chim. Farm., 1908, 47, 183. 
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aqueous solution is extract|d with a mixture oi^ether^ and petroleum 
ether. The extract after distilling off the solvent is tested for 
saccharine. 

Benzoic Acid and Benzoates. — These preservatives are now used on 
the Continent, especially for margarine.^ Wiley ^ has drawn the con- 
clusion from ids extensive investigations of the subject that “ in the 
interest of health benzoic acid and benzoate of soda should be 
excluded from food products.” On the other hand an American Com- 
mittee consisting of Remsen, Long^ Chittenden and Herter have stated 
their opinion that sodium benzoate should be permitted as a pre- 
servative. 

Oerlach ^ also states that benzoic acid has no toxic action on the 
human organism, but its use as a preservative has been condemned by 
the Scientific Deputation of the German Agricultural Department. 
Since benzoic acid is volatile with aqueous vapours, a slight increase 
of the Keichert-Meissl value is caused thereby. This may be of special 
importance in the examination of margarine for the legally permissible 
limdt of added butter. Benzoic acid is detected in the first instance by 
a somewhat high acid value of the butter fat. It will be best identified 
by isolating benzoic acid in substance,^ and by the odour of its 
ethylester. 

Fluorides have recently been used as preservatives, especially for 
Brittany butter.® A butter preservative ” is sold there which 
contains about 98 per cent of sodium fluoride. 

The presence of fluorides is detected by melting about 50 grnis. 
of butter, separating the aqueous layer, rendering it alkaline, and 
evaporating the latter to dryness. The ignited residue is then treated 
in a platinum crucible with strong sulphuric acid, the crucible being 
covered with a wax-coated watch-glass, having a mark scratched in 
the wax. The crucible is heated on a sand-bath for two hours. In 
the presence of even one mgrm. of calcium or sodium fluoride 
the glass will be found distinctly etched. A preservative examined by 
Bodtger ® consisted of potassium fluoride with a large quantity of silicic 
acid, which masked the usual test for fluoride. In order to detect 
fluorine the powder was heated with concentrated sulphuric acid and 
the vapours passed into water. The solution, after filtering off the 

^ Bemelmans, /. Uniers. d. Nahrgs-u, (Jennsm,, 1907, xiii. p, 492 ; Grimaldi, 
Oim, Zeit.j lOOS, 794 ; Lehmami, ihid.^ 1908, 949. 

Injluence of Food Preservatives aiui Artificial Colours on Digestion and Health. 
IV. — Benzoic Acid and Benzoates, Washington, 1908. Cp. also K. B. Lehmann, Chem, 
ZeiL, 1908, 949, and 1911, 1297. Bolenske, Arh. a. d. Kaiserl. O'csundheitsamtes, 1911, 
149. 

^ Physiologische Wirhmg der Benzoesdure und des henzoesiiurer Natriwns, Book 
written at the instance of the Association of German Margarine Manufacturers. 

* A. E. Leach, Zeits. f. Unters. d. Nahrgs- u. Ccnussm., 1905, ix. 50 ; A. Rohrig, 
ibid., 1908 ; W. v. Genersich, ibid., 1908, xvi. 209 ; Halpheii, Joimi. de Pharm. et de 
Chim., 1908, 201 ; L, Robin, Annal. chim. analytique (Genersich), 1908 (13), 431, and the 
critical review by Fischer and Gruenert, Zeits. f. Unters. d. Nahrgs. - u. Genussm., 1909 
(xvii.), 721. The last-named authors advocate the conversion of benzoic acid into 
salicylic acid. Cp. also W. Friese, Pharm. Zentralb., 1911, 1201. 

» 0. and C. W. Hehner, Analyst, 1902, 173. 

® Ghm. Zeit., 1912, 105. ' 
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gelatinous silica, was precipitated with potassium carbonate, and the 
potassium silico fluoride tested in the usual manner. 

Since in the presence of a boric preservative boron fluoride is evolved 
y strong sulphuric acid, the formation of boron fluoride must be 
prevented by the use of dilute sulphuric acid ; as long as the amount 
of bone acid does not exceed five times the amount of the fluoride 
present, the etching of the glass can be obtained. It is, however, 
preferable to remove the boron compounds at first. This is done by 
separating the aqueous liquor from 50 grms. of butter, adding calcium 
chloride, and heating to boiling after a small excess of sodium car- 
bonate has been added. The precipitate (consisting of calcium borate, 
calcium fluoride, calcium carbonate, calcium phosphate, and perhaps 
traces of sulphate) is filtered off, ignited, and the residue treated with 
hot dilute acetic acid to remove the carbonate, borate, and phosphate. 
The residue is then filtered off, ignited, and treated with strong sulphuric 
acid as described above. 

4. Colouring BJatter. — Butter has no special colour of its own. 
That made during the time when the cows are on grass is yellow, 
whereas in winter when the cows are stall-fed the butter is almost 
white. ^ As the public demands a yellow butter, the product is as a 
rule coloured artificially before being placed on the market. The 
use of colouring matters, therefore, is not pr^bited. (Butter ^hich 
is naturally yellow is rapidly bleached when e^osed to light and air.) 

Foreign colouring matters, “ butter colouring,” are detected by 
shaking the melted butter with alcohol. In presence of foreign colour- 
ing matters the alcoholic layer becomes tinted, whereas natural butter 
leaves the alcohol colourless. 

Moore ^ and Martin ^ recommend the use of a mixture of alcohol 
and carbon bisulphite. According to ^Martin, 5 grms. of butter are 
shaken with 25 c.c. of a mixture consisting of 15 parts of methyl 
alcohol, or ordinary alcohol, and 2 parts of carbon bisulphide. Two 
layers are formed ; the lower one consists of the fat dissolved in carbon 
bisulphide, the upper alcoholic layer contains the colouring matter. 

StehUns,"^ however, has pointed out that the small quantity of fat 
retained by the alcoholic layer may interfere with the subsequent 
examination, and that “ carotin,” the colouring matter from carrot 
juice, is more easily soluble in carbon bisulphide than in alcohol. He 
substitutes, therefore, the following process : — Melt 5(^ grms. of the 
sample in a beaker on the water-bath, stir into the melted mass 6 to 
10 grms. of finely powdered fuller's earth, agitate thoroughly for two or 
three minutes, and allow to settle out completely whilst warm. Drain 
ofl the bulk of the fat, add 20 c.c. of benzene, stir well, allow to deposit, 
and decant the solution through a filter. Repeat this process until 
the fat is completely removed, and wash the precipitate on the filter 

^ In this connection it may he , interesting to note that in some Swiss farms having 
an abundant growth of Leontodon and Jianunciilus^ the cows gave butter of such intense 
yellow colour that suspicion was aroused ; the butter obtained after the second grazing 
was very much paler. In the United States also intensely yellow butter is met with. 

a Amlyst, 11, 163. Ibid., 12, 70. 

* Journ. Amer. Chevi, Soc., 1887, 41. 
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with benzene. Test the filtrates for carotin. Dry the precipitate on 
the water-bath; and boil out three times with about 20 c.c. of 94 per 
cent alcohol. Evaporate the alcoholic ^extracts in a tared dish; dry at 
100° C.; and weigh the residue. The residue obtained by either method 
is then examined by means of special reactions for the colouring matter 
suspected to be present. 

Turmeric (curcuma) and annatto (notwithstanding the disgusting 
method by which the latter is prepared) are at present chiefly used in 
France. A preparation for colouring butter is sold there under the 
name of “ jaune gras” (“fat yellow”); made by digesting annatto 
with sesame oil and then adding turmeric. 

Turmeric is indicated by the appearance of a brownish - yellow 
colouration on adding a few drops of ammonia; and of a reddish- 
brown colouration on subsequently adding hydrochloric acid. 

Annatto is identified by a reddish-brown residue; which dissolves 
in concentrated sulphuric acid with production of a blue colour. 

In the presence of saffron an orange-coloured prqpipitate is obtained 
on dropping lead acetate into the aqueous solution of the residue. 

Harmless colouring matters are turmeric, annatto, carotin, marigold 
extract, and saffron. With regard to the last colouring matter it 
should, however, be noted that exhausted saffron, coloured yellow 
witl/an aniline dye, is^equently sold. 

Aniline colours are,^ a rule, poisonous, and should not be used for 
colouring butter.^ According to Frehse auramine is occasionally used 
for colouring butter, and may be detected by the following test 
1 c.c. of oil is saponified with 20 c.c. of an 8 per cent alcoholic soda 
solution with the addition of a little zinc dust. 50 c.c. of water are 
added and the solution shaken out with benzene. On dissolving the 
residue obtained from the bei;izene solution in glacial acetic acid, a 
blue colour is obtained.^ A comprehensive scheme for testing for the 
various colouring matters has been worked out by Leeds. 

Leeds ^ dissolves 100 grms. of butter in 300 c.c. of pure petroleum 
ether, of 0-638 specific gravity, in a separating funnel, draws off the 
curd and water, and washes several times with water, using about 
100 c.c. The solution of butter fat is then kept at 0° C. for about 
twelve to fifteen hours, so that the bulk of the solid glycerides may 
crystallise out. The liquid fat is poured off a*id shaken with 50 c.c. 
of decinormal tlkali, to remove the colouring matters from the ethereal 
solution. The aqueous layer is drawn off and carefully titrated with 
hydrochloric acid, until just acid to litmus. The colouring matters, 
containing a minute quantity of fatty acids, are thus precipitated ; 
the precipitate is transferred to a tared filter, washed with cold water, 
dried; and weighed. 

For the discrimination of the several colouring matters the pre- 
cipitate is dissolved in alcohol and two or three drops of the solution 

^ R. W. Cornelison, Joum. Amer. Ghem. Soc., 1908, 1478. 

2 A 7 Ln. des. falsijk., 1910 (3), 293. Cp. also Matthewsoii, Uniled States Be^pt. of 
Agric. Bureau of Ghem,, 1913, No. 113. 

* Analyst, i887, 150. 
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tested with an equal quantity of the reagents given in the following 
table : — 


Reactions of Colouring Mattel's 


Colouring Matters 

Concentrated 

11,804 

Concenti-ated 

IINO3 

Ib^SOa-hnNOa 

CoucontrateU 

HCl. 

Annatto 

Indigo blue, 
changing to violet 

_ 

Blue, becoming 
coloiirli'ss on 
fitaiiding 

Same 

No ciiange, or 
only slight dirty 
jellow and brown 

decolouiisedl 

butter 

Blue, becoming 
green, and slowly 
cliangingto violet 

Blue, then 
green and 
bleached 

Dcoolomised 

No cliango, or 
only .slight dirty 
yellow 

Turmeric l 

Puie violet 

If 

Vn.let 

Violet 

Violet, changing 
to original colour 
on evaporation of 
HCl 

Tiirmcnc-I- 
decolourised 
butte 1 

Violet bo purple 

Violet to reddish 
violet 

Same 

Very fine violet 

, Saffron 

Violet to cobalt 
blue, changing to 
reddish brown 

Light blue, 
changing to light 
reddisli brown 

Same 

Yellow, chancing 
to dirty yellow 

Saffron + 
decolourised 
butter 

Daik blue, 
changing quickly 
to reddish brown 

Blue, thiongh 
gieen to brown 

Blue, quickly 
cliangingto puiple 

Yellow, becoming 
diity yellow 

Cai rot 

Umber brown 

Deco) on 1 isod 

- 

Do witli NO2 
fumes and oiiour 
of burnt sugar 

No change 

Carrot-l- 

deeolouubod 

butter 

Ucddish brown to 
purple, similar to 
lurmenc 

Yellow, and 
decolourised 

Same 

Slightly brown 

Marigold 

Dark olive gieon, 
permanent 

Blue, changing 
Instantly to dirty 
yellow green 

Green 

Green to yellowish 
green 

Safflower 

Light brow'n 

Pal tially 
decolourised 

Decolourised 

No change 

Aniline yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Martins yellow 

Pale yellow 

Yellow, reddish 
precipitate. 
Magenta at margin 

1 

Yellow 

Yellow, precipitate 
treated with NH3 
and ignited ; 
deflagrates 

Victoria yellow 

Partially decolour- 
ised 

Same 

Same 

Same, colour 
returns on neu- 
tralising with 
NH3 


1 Ammonia gives with tnnneric a reddish-brown colour which reverts to the original 
colour on driving olf the ammonia. 
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A scheme for the identificatiorf of colouring matters in foods by their 
behaviour |fith a solution of taimin and sodium acetate^ hydrochloric 
acid, sodium hydroxide solution, basic lead acetate, and normal lead 
acetate has been devised by Loomis} Chapman and Siehold ^ describe 
a method for the “ adsorbtion ” of colouring matters by mixing with 
kaolin. These authors state that colouring matters can be divided 
into three classes ; those which are completely “ adsorbed,” those 
which are partially “ adsorbed,” and which ' may be recovered from 
the kaolin by washing with water, and those which are not appreciably 
“ adsorbed.” ^ 

According to Leffmann^ methylorange is extensively used in the 
United States, especially for “ oleomargarine.” The colouring nfetter 
is extracted as described above and tested with dilute acid, when the 
well-known red tint will appear. 

Geisler ^ states that aimatto is now largely replaced in the United 
States by a yellow azo dye, which is used^ combination with an 
orange dye (methylorange ?). The dye can be extracted from the 
fat by agitating with fuller’s earth, from which the colouring matter 
in its turn can be extracted by boiling alcohol. The isolated dye 
dissolves in concentrated sulphuric acid giving a yellow colouration, 
which changes to red on the addition of water. (Methylorange does 
not Lehave in the same manner with fuller’s earth.) 

In the United States red palm oil also has been used as a colouring 
matter, the palm oil being incorporated with the help of cotton seed 
oil. (This colouring matter was chiefly used in the manufacture of 
“ oleomargarine.”) As the employment of this colouring matter is 
now prohibited by law, the methods which had been proposed for 
its detection need not be discussed here^ (cp. also Vol. III. Chap. 
XV.). 

Grunhut^ proposes to detect colouring matters by dyeing wool 
with the extract. He saponifies the sample in the cold (Vol. I. Chap. 
II.), evaporates off the petroleum ether and the bulk of the alcohol, 
dissolves the residue in water and acidulates slightly (so that the fatty 
acids just commence to separate), renders slightly alkaline with sodium 
carbonate, and heats to boiling after adding some wool. Dimethyl- 
amidoazobenzene cannot be detected by the dyeing test ; its presence 
must be proved spectroscopically, after tl^ colouring matter has 
been extracted from the soap solution by means of petroleum ether. 
It should be noted also that annatto dyes wool yellow. 

Further notes on colouring matters will be found, Vol. Ill, Chap. 
XV., under the heading “ Edible Fats.” 

Butter colours are similarly examined, using, of course, a smaller 
quantity of the sample. About 5 grms. are dissolved in 20-25 c.c. of 
petroleum ether, and treated with 10 c.c. of a 4 per cent solution of 

^ United States Dept. Agric. Bureau of Ghem.^ 1911, No. 63^ p. 1. 

^ Analyst, 1912, 339. 

^ Second annual report of the Dairy and Food Commissioner of Pennsylvania. 

* Jown. Amr. Gfievi. Soc., 1898, 110. 

® Crompton and Simonds, Jowrn, Anm'. Ghem. Soc., 1905, 270. 

® Chem, Gentralbl,, 1898, ii. 943. 
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potash,^ Reinsch ^ states that a butter 
33 per cent mineral oil. 


colour he examined contained 


In commerce butter is not merely valued by its purity (as ascer- 
tained by the tests described in the foregoing lines, and the chemical 
tests for butter fat to be described below), but its value depends also 
to a considerable extent on its flavour and taste. A proper valuation 
of butter on the strength of the last two properties hardly belongs 
to the province of the analytical chemist, as it requires a good deal 
^ of practice, which is not based on chemical evidence. 

Different countries and even different provinces of one and the 
same country require differently flavoured butters ; and their value 
is judged regularly in commerce without having recourse to chemical 
analysis. 

In this connection it may be pointed out that the peculiar aroma 
of a good butter is due 'to the action of a bacterium, which gives rise 
to the formation of the flavouring substance during the ripening of 
the cream. That this is the case is shown by the general experience 
that the desired butter aroma does not appear in sweet cream butter 
prepared without the addition of a “ starter such butter having what 
is termed a “ flat ” (insipid) taste. A bacterium of this kind, tq the 
^ presence of which the flavouring of ripened cream could be attributed, 
was first isolated by Storch, Weigmann ® described two forms or races, 
one of which develops an exquisite flavour and aroma, but yields a 
butter which does not keep well, whilst the second race develops less 
aroma, but the butter keeps better. The cultivation of cream-ripen- 
ing bacteria has been considerably advanced in America by H. W. 
Conn} Laboratory experiments having demonstrated that a particular 
butter bacillus can produce a pleasant* flavour, if inoculated into the 
cream during the process of ripening under such conditions that it 
can grow rapidly, pure cultures of this bacillus were distributed amongst 
numerous dairies. By this means the “ June flavour,” which had 
hitherto only been met with in butter of certain districts during a 
short season of the year, can now be produced artificially. This 
flavour is stated to be retained in the butter even for a longer period 
than the flavour which is obtained without such aid in ripening. In 
addition to the fine flavour a somewhat enhanced keeping property is 
said to be imparted to the butter.® An artificial flavouling compound 
consisting of sesame oil with the addition of amylacetate and coumarin 


^ The following formula3 for butter colours have been quoted by Leffman from a 
Druggist's Circidar ; — 


Extract of Annatto . 10 ounces. 
Turmeric ... .0 „ 

Logwood chips . ,, 

Cotton seed oil . 1 gallon. 


Annatto seed, brulseil . 10 parts. 
Turmeric . . . 3 ,, 

Animoniuin carbonate . 1 jmrt 

Cotton seed oil . .76 parts. 

Lard . . . . 10 „ 


2 Chem. Centralhl, 1912 (1), 1180. 

‘ ® Milchzeitung, 1896, 793. 

* Cp. Agricultural Bacteriology^ London, 1909, Rebinan, Ltd. 

® Rosengren, Milchw. Zenir., 1912, 321 ; cp. also Weigmann and Wolff, ibid,. 
1912, 529. 
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is sometimes added to butter. Another method, due to Muller} consists 
in adding 2-5 per cent of lecithin to the sweet cream and allowing it 
to ripen for^O hours at 12-15° C. 

In ord^r to increase naturally the proportion of lecithin in cream 
Witte ^ pasteurises the cream, dools it quickly to 2-4° C., and keeps it 
at that temperature for from 1 to 10 days. It is then raised to from 
16 to 30° C., soured, and allowed to mature. 

“ Fishy ” butter is met with in Norway, being obtained from cows 
fed on fish meal. 

Badly flavoured colonial butter has also been termed “ fishy ” 
butter or butter suffering from “ fishiness.” This is stated to have' 
been caused by the contact of the milk or cream with rusty utensils or 
with copper. Others have ascribed this defect to the action of a micro- 
organism acting on the proteins in butter.® The growth of this organism 
is said to be prevented by “ salting ” the butter or by cold storage. 
Another kind of “ fishy ” butter is represented by overworked renovated 
butter. 

“ Sandy ” butter (which contains undissolved salt granules), and 
other kinds of butter having an objectionable flavour will naturally be 
either rejected or must be sold at low prices. * StocUin and Crochtelle ^ 
state that the milk obtained from cows which have been fed on cakes 
derived from cruciferous plants contains sulphocyanides. This stands 
in need of confirmation. Most of the badly flavoured butters,® as also 
those which are mouldy, spotty,® discoloured, etc., are re-worked and 
sold as renovated butter. 

Rogers and Gray'^ state that butter prepared from acid cream 
develops an unpleasant flavour on keeping even at - 10° F. 

Renovated” butter or “process” butter (French — heurre 
renove, heurre rehroye ; Geimm-r-Aufyefrischte Butter, Renovierte Butter) 
is manufactured in large quantities in the United States (since 1883). 
It is stated that during 1902 the production of “ process ” butter 
amounted to 5,879,833 lbs., equal to about half the quantity of margarine 
(“ oleomargarine ”) made in the United States. It is manufactured 
from unsaleable, “ rancid ” butter ® by melting and separating the 
butter fat from the aqueous solution and the curd. The fat is next 
blown with air to remove the objectionable flavour, and then quickly 
cooled in a current of cold water so as to pi^vent the separation of 
the more liquid portion of the butter (“ butter oil ”) from the more 
solid portion. The butter fat is then churned with fresh milk, to which 
cultures of suitable bacteria have been added. The milk soon becomes 

^ Gemiaii patent 221,698. 

2 English patent 1744, 1910. 

2 L. A. Rogers and C. E. Gray, United States Dept. Agric., 1909, 114. 

'* Ckem. ZeiL, 1910, 696. 

® Cp. H. Weiginann, Landw. Jahrb., 1908 (87), 261. 

® The appearance of spots (“marbled butter”) seems to be due to the defective 
’emoval of buttermilk, or to the fact that the salt has not been evenly distributed in the 
3utter. 

^ United States Dept. Agric,, 1909, No. 119. 

® J. Oudsteyn, United States patent 1,042,471 ; American Farm Products Co.' 
English patent 7500, 1907 ; Higgims, English patent 15,221, 1913. 
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sour and coagulates, thus furnishing an artificial curd containing about 
the same proportions of nitrogen as does the curd of genuine butter. 
It is evident that by chemicaj methods alone “ renovated butter ” 
cannot be distinguished from genuine butter, the fat contained in such 
butter being of course genuine butter fat, and the proportions of the 
constituents being as a rule so regulated as to simulate the composi- 
tion of a noVmal butter. This is exemplified by the mean of seventy- 
five analyses of process butters published by Cram/pion ^ : — 



Maximum. 

Miminum. 

Mean Value. 


Pit cent. 

Per cent. 

Per cent 

Fat . 

88-88 

68-80 

82-05 

Curd . . . 1 

2-66 

0-77 

1-47 

Ash . 

1 7-49 

0-97 

2-85 

Water 

23-17 

8-01 

14*44 

I 


“ Process or renovated butter ” is defined by the “ Act of Congress 
of 9th May 1902 ” as butter which has been subjected to any process 
by which it is melted, clarified, or refined, and made to resemble genuine 
butter. Process butter containing any substances foreign to butter or 
more than 16 per cent of water is classed as “ adulterated butter.^’ 

Hess and DoolUtle^ propose to identify renovated butter by the 
appearance of the curd, as the curd from process butter is milk-casein, 
whereas the curd from normal butter is the protein of cream. They 
further state that renovated butter presents under a polarisation 
microscope a difiereiit appearance from genuine butter. In genuine 
butter the fat is contained in isotropic, or at any rate in such micro- 
crystalline form that under the polariseybion microscope with moderate 
magnification no polarising crystals, or at any rate only few, are noticed. 
Renovated butter shows, on the contrary (like margarine), throughout 
the whole mass a distinct crystalline structure.^ For the details the 
reader must be referred to the original paper, and it need only be added 
that, according to Hess and Doolittle, “ process butter ” does not yield 
a clear layer of fat on melting, even after some prolonged standing, 
whereas the fat of pure butter becomes clear soon after melting. This 
may explain the observation that renovated butter (like margarine) 
is characterised by “ spurting ” when heated in a pan, whereas genuine 
butter froths quietly. 

Renovated butter does not keep as well as genuine butter, and, owing 
to the large amount of air incorporated with it, it is prone to acquire 
a “ fishy ” taste. 

^ The production of renovated butter must be carried out with 

1 Mmi. Amer. Chevi. Soc., 1903, 358. ® Ihid., 1900, 160. 

3 Cp. Bomer, Zeits. f. U liters, d. Nahrgs- u. Oenussm., 1908 (xvi.), 27. Fincke, 
ibid. 1908 (xvi.), 670, goes even so far as to state that normal Reichert- Mmsl value, 
normal titratioii numbers of the insoluble volatile acids, and normal saponification value 
only speak in favour of the genuineness of a butter fat, if the examination under the 
polarisation microscope has proved the absence of crystalline glycerides from the melted 
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scrupulous cleanliness throughout. The renovated butter works which 
the author saw in the United States were equipped in an entirely 
unobjectionable manner. It appears that the productidn of renovated 
butter is being adopted in Europe, and several patents for “ renovat- 
ing ” have been taken out during recent years.^ 

Siberian and Danish butters in particular appear to be used in 
Germany for the production of renovated butter, as th*ey suffer in 
transit and the outer portions become rancid.^ These outer rancid 
portions are scraped oS and sold as inferior butter (“ Kratzbutter,” 

“ Staff or treated for renovated butter. Butter refined in Germany 
by treating a rancid butter with “ Neutroxyd ” ® must be considered a* 
“ renovated ’’ butter. 

Eenovated butter is now being admixed (fraudulently) in Germany 
with fresh butter. The detection of an admixture of renovated to 
fresh butter is a problem which, in the present state of our knowledge, 
cannot be solved by chemical means. ^ 

The presence of curd and water renders butter far more liable to 
become rancid than is the case with pure butter fat. Hence in some 
countries, as in South-West Germany, India (known as “ Ghee ” or 
“ Ghi Siberia (for export to Turkey) — in Egypt the word “ Samna ” 
denotes the same fat — butter is melted until the butter fat has become 
quite clear, whereupon the latter is separated from the curd and water. 
The flavour of such butter (“ Schmelzbutter ”) suffers, however, con- , 
siderably, 

A sample of native butter fat (Samli) from Wilhelmstal, German 
East Africa, on examination by Thorns^ showed the following com- 


position : — 

Per cent. 

Moisture (water content) . . . 0'666 

Casein and milk sugar . . . . 1'929 

Mineral parts ..... 0 01 

Fat content ..... 97-396 

The fat, after separation from the albuminoids had the following 
characteristics : — 

Solidifying point, ° C. . . . ^ . 24 

Melting point, ® C. . . 36-37 

Saponification value .... 224-13 

lo^e value ..... 31-6 

Acid value ' . . . . . 17-94 

Refractometer value at 40, ® C. .42 

Reichert-Meissl value . . .26-87 

Polenske value ..... 2-24 


The taste was extremely rancid. 

^ Belgian patent 172,592; English patent 28,374, 1904 ; French patent 355,362 ; 
English patent 7500, 1907 ; English patent 28,024, 1907 ; United States patent 
881,929 (W. F. Jensen) ; French patent 396,282 (M. Montijran). 

^ Cp. Goock, Zcitschf,/. bffentl. Chm., 1908, 198. 

^ This consists of a mixture of magnesium carbonate and magnesium silicate. 

* Chm. Revue, 1914, 56. 
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If the temperature employed in melting the butter is too low, the 
separation of the water and casein does not take place completely, 
and hence thelbutter is liable to become rancid. On the other hand, 
if the temperature in nielting *be too high, the butter fat acquires a 
tallowy tasted 


The literature dealing with the rancidity of butter is a very volu- 
minous one, but, unfortunately, a number of writers seem to have con- 
founded butter fat with butter. The conditions influencing the liability 
of butter fat to become rancid have been fully explained in Vol. I. 
^ Chap. I. Although the determination of the free fatty acids in butter 
fat (acid value of the butter fat) is of little use, since acidity is not 
coterminous with rancidity, it is still the practice of some analysts to 
determine the amount of free fatty acids in butter fat in order to arrive 
' at a “ measure of rancidity.” If a measure of the amount of hydrolysis 
which a butter fat has suffered be desired, the determination of the 
acetyl value — indicating in this case the amount of mono- and di- 
^ glycerides — will afford the required information. Two samples of rancid 
butter fat twenty-two years old showed on examination normal figures 
for the iodine value, Reichert- Meissl value, and insoluble volatile acids. 
Formic acid could not be detected.^ 

The conditions favouring the rancidity of butter fall oUtsidS the 
scope of this work, and the reader must therefore be referred to the 
original papers given in the footnote.^ 

The paper in which the butter is wrapped has an important bearing 
on the keeping qualities of butter.'* 


On exposure to light butter not- only loses its yellow colour but 
also acquires a tallowy (“ lardy ”) smel^and taste. 


11. Examination of the Butter Fat 

For tables of characteristics see pp. 804-806. 

For characteristics of the milk fats from other animals than cows 
see p. 807. 

^ . # ■ 

Pure butter fat consists almost exclusively of triglycerides of fatty 

acids. Besides triglycerides it contains cholesterol and some natuxal 
colouring matters (lactochromes). The total amount of unsaponifiaDle 

^ Laxa, MUchw. Zenh\, 1912, 673. C]). also Worrill, United States patent 1,045,926. 

' Sebclien, Landw. Versitchsst,., 1913, 389. 

^ Schmidt, Zeits. J\ tlyyiene. n. Infe-ciiomh'ankheiten, 1898, 163 ; Ilaniis, Zeits, f, 
Unters, d. Nuhrgs.- n. Genns.wi., 1900, 321 ; llanuq ami Stocky, ibid., 606 ; Lydia 
Itabinowitscli, Jahrintch d, Chem., 1899, ix. 237 ; Crariipton, Journ. Amer. Cheni. Soc., 
1902, 711 ; Orla Jensen, Jahrhuch d. Chem.y 1902, xii. 363 ; 0. Laxa, Arch.f. }Jyjient% 
1902, 119 ; A. Nestrelajew, Zeits. f. Unters. d. Nahrgs.- ii. Oemissm,, 1911, 431 ; M. 
Siegfeld, MUchw. Zmiralhl.y 1908, 530. 

* Ferenczi, Zeits,/. angew. Chem., 1911, 2241 ; Schacht, Analyst, 1911, 697 ; Burr, 
Wolff, and Berberich, Zeits./, Unters. d, Nahrgs. - u, Oenussm., p. 200. 

VAT, TT F 
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matter is less than a half per cent (0-35 per cent, ^omr ; 0*31-0’41 per 
cent, Ijewkomtsch ; 0*42 per cent, Klein and Kirsten ; ^ 0-215-0-325 per 
cent, Siegfeld), Lecithin has been stated by various obiBrvers to occur 
in butter fat to the extent of 0*017 or 'even 0*15 to 0*17 per cent (cal- 
culated from phosphoric acid). Wrampelmeyer ^ stated 0*007 to 0*033 
per cent of lecithin. Jaeckle, however, showed that butter fat contains 
no compound of phosphorus. 

The following acids have been identified hitherto in butter fat 
acetic,® butyric, caproic, caprylic, capric, lauric, myristic, palmitic, 
stearic, arachidic, and oleic. WacUel, as also Bondzynski and Rufi, 
stated that butter fat contains hydroxylated acids, and on the strength ^ 
of their results, obtained by the application of faulty methods, Browne ^ 
has even gone so far as to calculate the percentage of hydroxylated 
acids. Experiments made by the author prove, however, that butter 
fat contains practically no hydroxylated acids, the low acetyl values ’ 
found being due to the presence of small quantities of mono- and di- 
glycerides. 

The extraordinarily high percentage of glyceride^ of soluble fatty 
acids in butter fat is characteristic, and differentiates it from all other 
fats.^ Especially characteristic of butter fat is the presence of butyric 
acid (which is absent from cocoa nut and palm nut oil). 

Tiie quantity of stearic acid obtained by the method described in 
Vol. I. Chap. VIII. is very small. In an analysis carried out in the 
author’s laboratory with a sample of butter fat of the Reichert- Meissl 

^ Zeits. f. Unters. d. Nahrgs. - u. Oenussm., 1903, 147. 

Liindw. Vermchsst.f 1903, 437. 

^ Cp. E. Wein, Inaug. Dissert., ErljingeD, 1876. The statement, liowever, I'equires 
confirmation. Wein claims also to have detected the presence of formic acid m fresli 
butter fat. 

^ Journ. Amer. Chem. Soc., 1899, 613. 

® Buttenberg {Zeits. f. Unters. d, I^ahrgs.-u. Oenussm., 1908, 335) describes a jieculiar 
vegetable oil, said to be obtained from a Chinese seed, which has a remarkably high 
Reichert- Meissl value, viz. 34*85. The examination of this oil, wliich Buttenberg 
obtained from Holland under the name “Butter Oil” (*), bad the following char- 
acteristics : — 

Saponification value . . . . .284-7 

Rdohert-Mcxssl value . . . . .34-85 

Titration number of the insoluble volatile acids . 0-65 

Iodine value . , . , . . .04-6 

Unsaponifiable matter . . . . . 0*38 per cent. 

Melting point of the eighth crop of cry.stals from unsaponifiable matter, 179’6-f80‘6° C. 

Melting point of the alcohol recovered from the acetate, 163 7-166*2“ C. 

Ijrhe “ alcohol ” melted after recrystallisation from ethyl alcohol at 177*3 to 178*3° 
C., and .showed under the microscope the characteristic cry.stal lorm of phytosterol. 

The oil did not give the Halphen reaction (for cotton seed oil), but gave positive 
colour reaction for sesame oil, although only faintly. 

These numbers suggested to me the conjecture that this new oil is an artificially 
prepared mixture of vegetable oils (containing sesame oil) with butyrin or caproin, 
designed to serve as a butter adulterant. Buttenberg, however (in a private communica- 
tion to me), declared that there was no reason to doubt that the new oil was a natural 
one. The presence of butyrin or cajiroin can be easily ascertained ; the melting point 
of the “alcohol” and its “acetate” in the unsaponifiable matter appear, however, 
jieculiar. ♦ 

An oil remarkable for a still higher Reichert- Meissl value— viz. 35*31— is spindle-tree 
oil from the seeds of Evonymus europam, L., p. 226. 
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value 28*1 the « amount of stearic acid found in the insoluble fatty 
acids was only 0‘49 per cent (see Vol. 1. Chap. XII.). The presence 
of less saturated acids than oleic acid in a normal butter has not yet 
been proved beyond doubt. Fdrnsteiner has shown that, in the butter 
from a 6ow fed on cotton meal, traces of linolenic acids were ascer- 
tainable. Partheil and Ferie stated that less saturated acids than 
oleic occur in butter fat to a somewhat considerable extent ; but, as 
the method by which their presence was determined is not free from 
serious objections (Vol. 1. Chap. VIIL), their statement must be 
accepted with reserve. 

According to Luclaux} butter fat contains from 2 to 2-26 per cent 
of caproic, and from 3*38 to 3*65 per cent of butyric acid. From this 
he^ (somewhat arbitrarily) assumes the proportion in which butyric 
acid stands to caproic in butter fat to be 1 : 1*645. 

On this basis Viohtte ^ calculated severally the proportions of 
butyric, caproic, solid volatile, and insoluble fatty acids by proceeding 
in the following manner : — 50 grms. of butter fat are saponified and 
the volatile acids separated, as in Reichert's distillation process. The 
solid, volatile acids are separated by filtration, and their quantity 
determined after drying ; ® the amount of the insoluble fatty acids is 
arrived at in the same way. The total quantity of the soluble acids 
is ascertained by titration with decinormal alkali, and calculatefi to 
butyric acid. If A represent this quantity, then the quantities of 
butyric and caproic acids, B and C, can bo calculated on the above- 
stated assumption with the help of the following equations : — 


B-Ax 008469 
C- Ax 0*41666 

^ being =1*646. 

V • 


^ OompL rend.y 1886 (102), 1022. Journ. Soc. Ohm. Ind.y 1890, 1157. 

^ With regard to errors caused by this procedure cp. Vol. I. Chap. VIll. 
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Butter from cows fed on cotton seed cakes has a considerably (by 8° to 9° C. ) higher melting point (Lupton, Joum. Amer. Chem. Soc., 

1891, 134). 

* The neutralisation values of the fatty acids obtained after distilling off the volatile fatty acids by Reichert’s process 

were found 213'3 to 218*9 (Hennques). 
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In the following table ViokUe^s results are reproduced : — 


Fatty Acids. 

Superior Qualities of 
Butter. 

« 

Inferior Qualities of Butter. 

1. 

II. 



III. 

IV. 

v. 

VI. 

VII. 

VIII. 

Buty lie acid. 
Capioicacid. 

Solid volatile acids 
Non- volatile acids . 

Per 

cent. 

6-07 

3-66 

2-85 

82-28 

Per 
cent. ’ 
5-33 
3-23 
3*00 
82-63 

Per 

cent. 

5-50 

3-34 

2-80 

82-87 

Per 

cent. 

5-05 

3-06 

3-00 

83-20 

Per 

cent. 

4-62 

2-80 

2-90 

84-32 

Per 

cent. 

4-80 

2-92 

2-40 

84-31 

Per 

cent. 

4 76 

2- 89 

3- 00 
83 -83 

Per 

cent. 

4-37 

2-65 

2-95 

84-62 

Total 

94-76 

i 

94-19 

91 41 

94-31 

94-64 

94-43 

94-48 

94-69 


By ascertaining finally the mean molecular weights of the solid 
volatile and of the non-volatile acids, Violette obtained all the data 
necessary for calculating the composition of the butter fats. Tliis is 
given in the following table : — 


( 

Glycerides. 

Superior Qualities of 
Butter. 

Inferior Qualities of Butter. 


1 

II. 

n, 

IV. 

V. 

VI 

VII. 

VIII. 


Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 


cent. 

cent. 

cent. 

tent. 

cent 

cent 

cent. 

cent. 

Butyrin 

6-94 

6-09 

6-28 

5-76 

5-28 

6-49 

6-46 

5-00 

Caproin 

4-06 

3-58 

3-70 

8-39 

3-09 

3 23 

3-10 

2-94 

Glycerides of solid vola- 
tile acids . 

3-06 

3-22 

2-96 

3-16 

3-06 

2-63 

3-16 

3-15 

Glycerides of non-vola- 
tile acids . 

85-98 

86-62 

86 60 

86-93 

88-10 

88-10 

87-60 

88-42 

Difference . 

0-04 

0-49 

0-46 

0-76 

0-47 

0-65 

0-69 

0-49 


100 

100 

100 

100 

100 

100 

100 

100 


% 

Subjoined is a table showing the composition of butter fat, calcu- 
lated by the author from the data given by tji^e observers named 


Glycerides. 

J, Bell. 

W. Blyth. 

Spallanzani i 

1 Butyrin ' 

Caproin 

Caprylin and capriii . 
Olein .... 
Palmitiu, stearin, etc. . 

Per cent. 

7-012 

J 2-280 

37-730 
’ 62-978 

Pei cent. 

7-7 

0-1 

42-2 

60-0 

Per cent. 

5-080 
f 1-020 
\ 0-307 

1 93-693 

100 

100 §• 

100 


^ Le Staz. Sperim. ltd. (1890), 28, 417. 






XIV 


BUTTER FAT 


809 


How the theoretical composition of a butter fat may be calcu- 
lated from the numbers obtained on examining it by the quantitative 
tests, -has been shown above ^Vol. I. Chap. XI.). In the example 
given thei’e the volatile fatty acids were found by difference ; the 
volatile acids may be further resolved into soluble volatile and in- 
soluble volatile acids {Violette^s solid volatile acids; cp. Muntz and 
Couden’s as also Polenske's methods, p. 839). The calculated mean 
molecular weight of the mixed volatile acids was 114. In the example, 
given Chap. XII., stearic acid was determined direct ; the sum of all 
other saturated fatty acids was obtained by difference.^ 

Muntz and Coudon ^ gave as the total amount of soluble volatile acids, 
expressed as butyric acid, the following percentages 


Rich butter . 6-50 per cent 

Medium butter . . 6-50 „ 

Poor butter . . 5'26 „ 

Very poor butter . 5 00 „ 

Exceptionally poor butter 4-90 


It should be noted that the quality of the butter is judged here by 
the percentage of soluble volatile acids ; this fai'tor would not be 
recognised in commerce as the guiding principle, since the flavour and 
taste of a butter, and hence its commercial value, do not depend ex- 
clusively on the larger or smaller amount of soluble volatile acids, 
whicli only chemical analysis reveals. The amount of insoluble volatile 
acids, also expressed in terms of butyric acid, was found by Muniz 
and Coudon in two butters to lie between 1-74 per cent and 1*9() per 
cent. 

Muntz a7id Coudon give for the relation (see p. 832) — 

Insoluble volatile acidH ,, * , ■ w, 

Soluble volatile acids ^ ^ mean number 12 04, the minimum 

being 9*1 and the maximum IS- 6 (cp. also below, p. 836). 

From the foregoing numbers it will be gathered that butter fat is 
distinguished from all other fats by its high proportion of butyric acid. 

The mean molecular weights of the soluble volatile acids of butter 
fats, having the Reichert- Meissl values 26-3-27'5, were stated by 
{Juckenack and Pasternack^ to be 95*l-98-3. If. Arnold^ gives 98 
as an average ; Siegfeld 98-4-103. These figures refer l^o the volatile 
acids as obtained in the 110 c.c. distillate from 5 grms. of butter fat 
in the Reichert- Meissl {Retchert-Wollny) test. The number 98 proves 
clearly that besides butyric acid some higher volatile acid or acids are 
dissolved in the aqueous solution of the volatile acids. 

The mean molecular weight of the insoluble volatile acids has been 
given by Siegfeld as lying between 177 and 207 ; but, as he himself 
points out, the method by which these me&n molecular weights have 

* Cp. also Fleiscliniaiin and Warmbold, Zeitn. f. Biologie (1907), 4, 875. Siegfeld, 
MUchw. Zintralhl, 1907, 288 ; CVim. Zeii., 1908, 505. 

“ Amates de I’Institut National Agronomiqw, Paris, 1904. 

® Zdts.f. Unters, d. Nahrgs!- u. Oenussm., 1904, 1204. 

4 Ibid., 1906, 841. 
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been determined is so inaccurate that no reliance can be placed on 
those figures. 

The mean molecular weights of the .insoluble acids fluctuate be- 
tween 268 and 266, the lowest number being, of course, due to a fat 
having the highest Reichert value and the highest being due to a fat 
having the lowest Reichert value. It may, however, be pointed out 
already here that the conclusions which various observers have attempted 
to draw f^m the mean molecular weight of the insoluble fatty acids 
as to the composition of the (nearly) 94 per cent of insoluble fatty 
acids are hardly valid. For any number of mixtures of fatty acids 
from lauric upwards to arachidic can be present in butter fat, all 
having mean molecular weights from 258 to 262.^ An investigation 
which the author has undertaken shows that some butters are richer 
in arachidic acid than others, which, on the other hand, seem to contain 
larger amounts of myristic acid. It is to- be hoped that a closer study of 
the insoluble acids will lead to a more intimate knowledge of the com- 
position of butter fat, and will incidentally furnish analytical means to 
reveal adulterations of butter, which hitherto escape detection. For 
most of the usual methods in vogue deal with the volatile acids only, 
without taking any detailed notice of the composition of the insoluble 
acids. The lithium-salt method of Partlieil and Ferie, which was stated 
to be capable of resolving the insoluble fatty acids into their several 
components, viz. lauric, myristic, palmitic, and stearic acids, has been 
shown to be unreliable (Vol. I. Chap. VIII.). Hence the detailed 
analysis of a butter by those chemists given in the third English edition 
of this work is not reproduced here. 

On reducing a butter fat of the iodine value 37 with colloidal 
palladium, Vol. I. p. 59, Paal and Roth‘S obtained a hard white fat 
softening at 36° C. and melting at 44° C. The iodine value was nil. 
The fat had a pleasant nutty taste somewhat resembling cacao butter. 

On treating butter fat with 95 per cent alcohol in the same manner 
as described under “ Lard ” (p. 700) glycerides richer in olein pass 
into the alcoholic solution. The characteristics (1) of the original 
fat, (2) of the alcohol-soluble portion, (3) 'of the alcohol-insoluble 
portion are collated in the following table (Arnold ®) : — 


^ Vol. I. Vlll. - Benchtc, 1900, 1551. 

•’ Zeiis. f. IJnkrs. d. Nahrgs,- n. Genussm., 1907, xiv. 194 ; cp. ibid., 1908, xvi. 666. 
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1) 



c.c xV KOH required for 
Insoluble Volatile Acids 
(Polenske’s Method). 


Non-volatile 

Futty Acids. 

4 .' 0 


a . 

m 

>> 

0 

cq 

Saponification Vali 

JS 

Z 

Mean Molecular W^g 
the Soluble Volatile .A 

Iodine Value 

Butyro-re fractometer 
at 40" C. “ Degrees." 

Neutralisation Value. 

Iodine Value. 

Yield of Alcohol-soil 
Portion (from 150 gma 
fat). 

1. Original fat 

43-7 

223-6 

26-0 

101-4 

2-1 

42 6 

32-4 

214-5 

45-7 

Uriiis. 

*2. Alco hol- 
solublo fat . 

40*1 

229-9 

361 

100-1 

2 70 

45-0 

34-0 

124-0 

60-2 

86-09 

3. Alcohol- 
insoluble fat 

44'3 

220-1 

21-2 

103-1 

T75 

41-2 

32-0 

214-0 

43-0 













— 


It appears very likely that the bulk of the triglycerides in butter 
fat are “ mixed ” glycerides. The opinion that mixed glycerides 
occur in butter fat was first pronounced (before oleo-distearin was 
isolated) by J. Bell^ on the strength of experiments made by G. Lewin 
in the Government Laboratory. Bell stated that a mixed glyceride 
of* the following composition occurs in butter fat : — • 


/O.C.HjO 


The following facts support this o])inion : If ordinary animal fat 
is melted and mixed with — say 10 per cent of — butyrin, the latter 
may be entirely removed by digestion with alcohol^^ the animal fat 
being recovered practically in its ordinal condition. If, however, 
butter fat is treated with hot alcohol, from 2 to 5 per cent only of its 
weight remains dissolved in the alcohol after cooling to tlie ordinary 
temperature. The fat thus dissolved does not consist of butyrin or 
caproin,.but of a glyceride which is liquid at Ib'S"^ C., and yields on 
saponification from 13 to 14 per cent of soluble fatty acids, and from 
79 to 80 per cent of insoluble fatty acids. The latter have a higher 
melting point th^ the mixed insoluble acids obtained from the orginal 
butter fat ; this tends to disprove the opinion that the low melting 
point of the extracted fat might be due to an increased proportion of 
oleic acid in the molecule. These results agree closely with a compound 
of the above given formula, which Bell named oleo-palmito-butyrate 
of glycerol. 

A. W, Blyth and Robertson^ stated that they isolated from butter 
fat a crystalline glyceride, to which they ascribe the formula 


/O.C.H^O . 

^3^5\o:c::h::o, 


^ The Chemistry of FoodSf il. 44. 

Cp. Fincke, 2eits. f. Vnters. d. Nahrgs.- u. Clenusm., 1908, xvi. 673. 
^ Proceed. Chem. Soc.^ 1889, 6. 
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but no great weight should be attached to this preliminary communi- 
cation, which has not been followed up by detailed researches. 

Further experiments are required „to :^esolve the apparently very 
complex mixtiire of glycerides in butter fat into its component parts. 
In the present state of our knowledge the method of fractional crystal- 
lisation from solvents (cp. Vol. 1. Chap. XII.) offers the best hope of 
success. 

Caldwell and Hurtley^ attempted to separate the glycerides by 
fractional distillation in vacuo: the following Reichert- Meissl values 
were obtained :~ 



Butter. 

Butter. 



II. 


1 Distillate 

Residue 

Distillate 

Residue 


I H,-M. 

R.-M. 

R.-M. 

R.-M. 


1 Value. 

Value. 

Value. 

Value. 

Up to 250"' C'. . 

48-0 

.30-7 

50-9 

8-4 

Distillate redis- ! 
tilled . . ! 

7.3-6 I 

28-9 1 

1 

67-1 ' 

1 

24-9 


Butter. 

III. 


Distillate 
m-M. I Iodine 
Value. ! Value. 


Uesidue 

R.-M. I Iodine 
Value. Value. 


57-6 


19'7 


78*0 


45-8 


In order to prepare butter fat for the subsequent examinations, 
the sample of butter is melted in a porcelain dish at a temperature of 
about C., until the upper layer has become perfectly clear. The 
supernatant fat is then decanted through' a filter in the water oven. 

It has been pointed out already that the adulteration of butter is 
at present practically confinecj to the admixture of foreign fats with 
butter fat, since added substances of a non-fatty nature are easily 
detected. 

In view of the fact that so many new methods for testing butter 
fat are being recommended, it should be emphasised that many chemists 
who publish new methods seem to overlook entirely the fact that there 
is not the slightest difficulty in distinguishing gure butter from 
margarine, or indeed from any other fat.^ v 

Before theomethods of fat analysis had reached the present state 
of completeness, margarine was very frequently sold — and is being sold 
to-day— fraudulently as butter. 

At present butter adulteration is practised on a most extensive scale 
by the admixture, in comparatively small proportions to the total fat, 
of foreign vegetable and animal fats, such as lard (goose fat), cotton 
seed stearine, cocoa nut oil, palm nut oil, and chiefly margarine oleo- 
margarine ”). The last named fatty compound will be considered 
more fully under the heading of “ Butter substitutes ” in Chapter XV. 

Recently there has been sold for the purposes of butter adultera- 
tion, especially in Germany, a mixed fat consisting of butter fat, oleo- 

^ Jcncm. Chm, Soc., 1909, 856. ^ Cp. however, footnote, p. 802. 
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margarine, cocoa nut oil, and cotton seed oil. As large a quantity as 
30 per cent of this mixture can be added to certain butters without 
being detected by the so-called “ rapid methods ’’ (refractive index, 
Reichert- Meissl value, insohiblt^ volatile acid number, saponification 
value, iodine value, etc.). Since, however, the detection of vegetable 
oils, even down to 5 per cent or 3 per cent, b,a8 become comparatively 
easy (see below), the adulterators have substituted for the abo^ 
mentioned mixture oleomargarine or lard, or mixtures of both, churned 
up with water, without addition of a colouring matter — in short, a 
margarine consisting of animal fats only. 

I append a few analyses of such butter adulterants : — 




II 

III. 

Reichcrt-Mcissl value .... 

6*79 

0*3 

0-2 

Titration number of iiisoliiblo volatile 




acids 

10*53 



Butyro-rofractoinetcr at 46°C. “ Degrees ” 

42*]7 


. 46-1 

Iodine value ... 

23*49 



Saponification value 


197*3 

197*0 


Butter adulteration is practised on such extensive lines that ’legis- 
lation ^ has stepped in to protect the genuine article. In this country 
no butter-substitute, however small the proportion of foreign fat, 
may be sold without a distinct declaration as to its true nature. 

The French “ Margarine Law ” of the 1 7th April 1897 prohibits 
the sale, etc. under the name of “ butter of any substances not made 
exclusively from milk or cream. The regulations under the Act of 
1897 have been amended by the “ Adulteration Law ” of the 1st 
August 1905, which impo.ses severe penalities for (amongst other frauds) 
attempting to falsify the analytical procedures. 

The latest “ Margarine Law ” in Germany, 1897, as also in Austria, 
1901, enacts tliat a manufacturer of margarine is bound to admix with 
the oils and fats em))loyed 10 per cent of sesame oil, for the sake of 
“ ear-marking ” such butter, as the recognition of sesame oil is easy 
by means of the Baudouin test. This Act has, however, not been able 
to prevent the continuation of adulteration, since the importation of 
foreign made margarine, in the preparation of which no sesam6 oil has 
been used, cannot be prevented. * 

The Belgian law demands the addition of 5 per cent of sesam^ oil 
and 0*2 per cent of dry potato starch (reckoned on the fatty matter 
in the margarine). It also forbids the sale of “ abnormal ” butter.^ 

^ A. I^vallc, I>/£ Margarine (ksetzgebmig, Bremen, Report of the Depart- 

mental Committee on Butter, Loudon, 1904. 

2 The law delined as “abnormal” a butter, the fal of which showed at least two of 
the following characteristics Scale divisions in the butyro-refiactometcr (at 40'") higher 
than 41 “degrees” ; critical temperature of dissolution with alcohol of 99*1 per cent, a 
number exceeding 59° C. ; specific gr.avity at 100°kC., below 0*864 ; Reicheit- Meissl 
value, be*low 2.5 ; percentage of insoluble fatty acids, above 89*5 ; and saponification 
value, below 221. * 
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The definition of the latter has been made still more strict in the Belgian 
“ Margarine Law of 1903, amended the 21st November 1904. 

The new law defines a butter as abnormal in composition if its 
Reichert-Meissl value falls below 28, aLd if, in addition, it has one of 
the following characteristics : Butyro-refractometer, at 40° C., above 
44 scale divisions (“ degiees ”) ; a critical temperature of dissolution 
(ift alcohol of 91*1°, Gay Lussac) above 57° C. ; specific gravity at 
100° C., below 0’865 (it should be noted here that, curiously enough, 
the law omits to state to what temperature of water the specific gravity 
refers ; undoubtedly the specific gravity of water refers to 15° C.) ; 
the percentage of “ insoluble and solid fatty acids ” above 88-5 pei 
cent (by HeJiner^s method ; a saponification value below 222, 

According to the latest “ Adulteration Laws ” of the United States 
butter must contain 82-5 per cent of butter fat and a small proportion 
of other milk constituents, and may be made with or without common 
salt, and with or without colouring matter. According to the Act 
of 9th May 1902 adulterated butter is defined as “ a grade of butter 
produced by mixing, re-working, re-churning, in milk or cream, re- 
fining, or in any way producing a uniform, purified, or improved product 
from different lots or parcels of melted or unmelted butter or butter 
fat, in which any acid, alkali, chemical, or any substance whatever 
is introduced or used for the purpose or with the effect of deodorising 
or removing therefrom rancidity or any butter or butter fat with 
which there is mixed any substance foreign to butter, with intent or 
effect of cheapening in cost the product of any butter in the manu- 
facture or manipulation of which any process or material is used with 
intent or effect of causing the absorption of abnormal quantities of 
water, milk, or cream.” 

An Act of Congress of the 1st Juiy 1902 gives as one of the chemical 
standards for butter fat a Reichert-Meissl number not less than 24, 
and a specific gravity of not less than 0*905 at 40° C. (water at 40° 
C. = 1). It should^ however, be mentioned here that there are separate 
Food Laws in the various States of North America which are not in 
conformity with this Act of Congress. 

The Netherlands “ Margarine Act ” of 1900 defines butter as an 
article of no fat constituents other than those derived from milk. As 
this law has not been able to prevent adulteration, a number of farmers 
and dairy owners have privately combined to guarantee their butter 
as pure, and placed ^themselves under the supervision of ‘‘ Control 
Stations.” The Netherlands Government granted an official mark of 
guarantee in 1904 to seven Control Stations. Such butter is sold under 
tlie name “ Dutch Control Butter.” An Act, dated 17th June 1905, 
authorises the use of an official control mark which is issued by the 
Department of Agriculture. 

The Dutch “ Margarine Act ” has been supplemented by the 
“ Butter Act ” of the 13th August 1908.^ 

The Danish “ Margarine Law ” of 22nd March 1897 punishes 

^ This includes, of course, the uusaponifiahle matter, 

Zdis. f, Unters. d. Nahrgs.- u. Qenussm., 1909, xvii. 92. 
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adulteration of butter by imprisonment.^ The supervision in Den- 
mark has been so efficient that no adulterated butter has been exported 
from that country during recent years. Considerable quantities of 
butter drom Sweden, Norway, and Finland having been shipped to 
Denmark and sold as Danish butter, an Act of the 26th March 1906 
deals with the marking of imported butter, and the adoption of the 
official mark for butter manufactured in Denmark from pasteurised 
cream. The importation and sale, etc., of foreign butter bearing any 
mark which might be mistaken for the official one has been prohibited. 

The Swedish “ Margarine Law,” 1905, prescribes the addition of 
10 per cent of sesame oil to margarine fats. It enacts that persons 
who produce butter are not allowed to manufacture margarine on the 
same premises. 

The Norwegian “ Margarine Law ” of 1902 enforces the control 
of butter manufacture by police and Covernment daily inspectors, 
who have access to every creamery, dairy, or factory, and have the 
right to take samples for examination. Similarly, the imports and 
exports of butter are controlled by the Customs. 

The Italian “ Margarine Law ” of 1894 defines butter as genuine 
(unless there are indications to the contrary) when its Reichert-Wol^ny 
number is not below 26 ; if the number be 20 the butter is considered as 
adulterated, and when it lies between 20 and 25 as suspicious. Furdier- 
more, butter is consid(‘red as adulterated when it indicates in the 
butyro-refractometer at 35° C. more than 48 scale divisions (“ degi ees ”), 
or when its specific gravity is below 0*865 at 100° (water at 15°=^!). 

The Siberian butter manufacturers petitioned the Government to 
prevent the importation of cocoa nut oil into the butter producing areas, 
as it was suspected that some proportion of the large amount imported 
was being used for the adulteration of butter. 

The difficulties that were encountered formerly in the detection of 
foreign fats in butter have been removed to a considerable extent by 
the modern methods of fat analysis. But the adulterator has kept pace 
with the progress of fat analysis, and has succeeded, with very great 
ingenuity, in preparing mixtures that can only be detected by a com- 
bination of several methods. Hence, judiciously prepared mixtures 
of margarine and cocoa nut oil which formerly could not be recognised 
by the saponification value and the percentage of insoluble fatty 
acids alone, are no longer admixed in considerable qhan titles with 
butter, since the application of the Reichrt-Meissl (Reichert-W olhiy) 
method immediately discloses the fraud. Yet such mixtures are still 
being used extensively in small quantities, as even the Reicheri-Meissl 
test breaks down when only 10 per cent of margarine are admixed 
with butter. As the Reichert value is a measure of the amount of 
volatile fatty acids, the author in the first edition of this work ex- 
pressed the fear that the artificial butter industry might succeed in 
providing means to prepare butter-substitutes having a correct Reichert 
value. This fear has been realised, for butyric acid, tributfrin, and 

^ More rigorous still is tht punishment for adulterating butter in Russia. 
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also amyl acetate are being sold* (in 40 per cent alcoholic solution) 
for that purpose, and even patents have been taken out,^ for the addi- 
tion of volatile fatty acids to butter fat as also to margarine.^ Such 
margarine will most likely find its way -into butter, as its chemihal 
characteristics only too plainly suggest fraudulent application, for the 
volatile acids may not only be used to improve the taste of the fatty ' 
material, as the patentees claim, but also to mislead the analytical 
chemist (cp. “ Margarine,’^ Chap. XV.). 

Not only does the adulterator keep pace with the progress of chemical 
analysis, but he even adapts himself with great ingenuity to the methods 
to which the analysts in the different countries resort, and in particular 
makes excellent use of the limitations which analysts impose upon 
themselves (or have imposed on them by their authorities on account 
of the costs of an analysis) by employing “ rapid” methods.^ To 
give an example, the application of the refractpmetric method has 
been of very great value in the rapid analysis of butter fats, especially 
for purposes of market control (see below). The adulterator has, 
however, been able to adapt himself also to this test, as he will always 
adapt himself to the analyst he has to meet. Moreover the difiiculties 
of the analytical chemist have been enhanced lately by the employ- 
ment of cocoa nut oil in the adulteration of butter. Unfortunately, 
the practices of the adulterator are assisted to a very considerable 
extent by the natural vagaries in the composition of butter fat, since 
its chemical composition depends to a great extent on the breed (race) 
of the cow, the mean temperature of the country where the butter is 
produced, the stabling, i.e. the climatic influence to which the cows 
are exposed, further, on the nature and quantity of the food supplied, 
the period of lactation, and the idiosyncrasy of the individual cow. 
Notwithstanding the enormous amount of investigations that have 
been carried out in different 'countries, we are still unable to define 
the variations within which genuine butter fat may fluctuate. Some 
investigators followed the changes in the composition of butter fat 
obtained from a considerable number of cows, so as to eliminate the 
influence of one individual cow, whereas others (Klein and Kirsten) 
are of the opinion that only two factors, namely, food and progress of 
lactation, are of importance, the other factors exercising a minor 
influence only, so that the examination of butter fats obtained from 
a limited number of animals may be considered sufficient. This, how- 
ever, cannot be admitted as correct, as the influence of stabling on the 
nature of butter has been shown to be so pronounced that during two 
different seasons of the year butter fats of very different composition 
are obtained from one and the same herd of animals. 

Owing to these variations in the composition of butter fat, it is at 
present not possible, by merely carrying out the usual rapid tests, to 
detect in every given case an admixture of 10 or even 20 per cent 
(when the original butter had a very high Reichert value) of foreign 
fats. The butter adulterator keeps therefore within the limits of such 

^ English patent 22,458, 1900 ; Gernmn patent 121,657. 

English patent, 15,649, 1900. ^ Cp. JahVbuch d. Ohem., 1906 (xvi.), 404. 
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chemical tests as are from time to time agreed upon by analytical 
'chemists^ and hence prepares on a large scale adulterated butters which 
just keep near the lowest IMts, so that the analyst is very frequently 
placed in the position of having to give a butter the “ benefit of the 
doubt/’ although he may feel convinced that adulteration has taken 
place. In this work we are not concerned with the limitations to 
which the public analysts are subjected, and it will be urged that the 
examination of butter fat must extend beyond the “ quantitative 
reactions.” In case vegetable oils or fats have been admixed with> 
butter in a direct manner, or in an indirect manner through added 
margarine, in the manufacture of which vegetable fata have been ' 
used, the phytosteryl acetate test will give an unmistakable answer. 
If, however, animal oils or fats are used as adulterants the imcertainty 
mentioned above still remains. In order to pronounce on the genuine- 
ness of a sample of butter, it is therefore not only necessary to com- 
bine several methods of examination, but also, if need be, to examine 
the volatile acids, as also the insoluble acids separately. 

The methods applicable to the detection of adulteration will be 
enumerated in the order of their usefulness, and the influence which 
the different natural factors pointed out above have on the composi- 
tion of the butter fat will be discussed under each heading. ^ 

The literature bearing on the examination of butter is an extra- 
ordinarily voluminous one, and still grows. The list of methods 
detailed below cannot, therefore, lay claim to completeness, although 
no important and reallj^ valuable method will be found missing. A 
large number of insignincant modifications of known methods and a 
host of valueless proposals have been deliberately omitted. 

For further information reference must be made to special works 
on butter.^ 


Refractometric Examination 

The first test that is usually applied in “ rapid ” analysis is the 
determination of the refractive index of the butter fat by means of 
the butyro-refractometer or the oleo-refractometer. The butyro- 
refractometer will be found more convenient. Thus one is enabled 
to decide by a glance through the instrument whetffer a butter is 
grossly adulterated or whether it need #ly be regarded with suspicion. 
Owing to the rapidity with which the observation can be carried out, 
its importance has been sometimes overestimated, and it should there- 
fore be distinctly remembered that the refractometric examination can 
only be used as a sorting test, and that its indications must be sup- 
* ported by further tests. • 

' Sell, Arbeiten a. d. Kaiserl. Reichsgesundheitsatntf 1886 ; Duolaux, Le Lait. Ktnde 
chimique et nMcrobiologique, Paris, 1904 ; Girard and Brevans, La Margarine, Paris, 
1888 ; Be«aua, Sai metodi a didinguere il burro artificiale dal burro naturale, Lodi, 
1888 ; Zune, TraiU g^nkal d'ay.alys€ des beurres, 2 vols., Paris et Bruxelles, 1892. — 
Report of iJie Departmental Committee on Butter, Eyre and Spottiswoode, London, 1904, 
VOL. II • 3 G 



818' GLYCERIDES — NON-DRYING ANIMAL FATS chap. 

The refractive indices of pure butter fats have been given in the 
table, p. 805. An agreement as to which temperature should be' 
adopted as the standard for the refractometric observation has not 
yet been arrived at. Some observers choose 25° C., others take 40° C. 
The latter seems to be the most suitable standard temperature. Others 
again have adopted 45° C., the temperature employed by Jean in the 
observations with the oleo-refractometer. 

For the refractive indices obtained with the Ahhe-Zeiss apparatus 
the reader must be referred to Hoton^s paper. ^ 

All samples which give values lying outside the limits stated in 
the table must be looked upon as suspicious, or at least as “ abnormal,” 
and further examination is required to establish whether a sample 
is pure or not. 

In calculating the position of the critical line found in the butyro- 
refractometer at 25° C. for another temperature, a correction of 0-55 
scale divisions should be made for each degree C. 

The following table, compiled on this basis, gives the })ractical 
limits for pure butter fats at the corresponding temperatures : — 


Temperature. ° C. 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 
‘^45 


Scale Division. 


#■ 


52-5 
51-9 
514 
50-8 
50-3 
49*8 
49 2 
48*6 
48-1 
47-5 
47-0 
404 
45-9 
45-3 
44-8 
44'2 
43-7 
43- 1 
42-6 
42 0 
41 -5 


Delaite,^ however, has shown that numbers calculated from obser- 
vations made at an arbitrary temperature are not identical with tliose 
observed directly. It is therefore necessary to make the observations 
at the desired temperature. 

If a sample furnishes numbers lying within the values given in the * 
table, p. 805, the conclusion must not yet be drawn that the sample 
is genuine. For mixtures of margarine and cocoa nut oik can easily 


^ Ann. d. falsijic., 1909, §. 

2 B 2 UI. de V Assoc. Behje de Chimistes, 1894 (6), 145 ; Analyst, 1895, 95. 
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be prepared showing the refractive index of a normal butter fat. It 
IS evident that any quantity of such mixture may be added to butter 
with iinpunity^ in case the lefractometric observations alone are held 
to give a decisive answer. 

The assumption of earlier observers, and unfortunately still held 
by some analysts, that the refraction of butter fat stands in a direct 
relation to the Reichert value, in other words, to the proportion of 
glycerides of volatile fatty acids (or, to be more correct, to mixed 
glycerides containing lower fatty acids), has not been borne out by 
recent evidence (cp., e.g. table p. 856). It is quite true that (as in 
the last stages of the period of lactation [Farnsteiner and Karsch ; ^ 
Masson or in consequence of climatic conditions [Holm, Kvarup, and 
Petersen^]) the refraction increases with the decrease of volatile acids, 
but the refraction increases in a much greater ratio with the increase 
of unsaturatcd fatty acids ; in other words, the higher the iodine 
value the higher will be the refraction. This becomes evident on ex- 
amining the numbers which I append in the following table, bearing 
in mind that butter fats yielding the same amounts of volatile acids 
may vary in their contents of oleic acid from 10 to 15 per cent : — 


Refractive Indices of Fatfg Adds and their Glycj>rides 


Acid. 

nD, 

•c. 

Fatty Acida. 

Glycendoa. 

Butyric 

20 

1 ’39906 

1-43587 

Caproic 

20 

1-41635 

1-44265 

Caprylic 

20 

1-42825 

1*44817 

Capnc 

40 

1-42855 

1-44461 

Laiuic 

60 

1-42665 

1-44039 

Myristic 

60 

1-43075 

1-44286 

Palmitic 

80 

1*42693 

1-43807 

Stoanc 

80 

1-43003 

1-43987 

Oleic . 

20 

1 -4620 



40 

1*4546 



60 

1-4471 



It will be gathered that the small “ influence ” on the refractive 
index caused by a somewhat higher proportion of volatile fatty acids 
IS obliterated by the greater influence of the unsaturated fatty acids.^ 
This is especially shown to be the case by butter fats obtained from 
cow^s fed on linseed cake (perhaps also cotton seed meal). Minute 
quantities of linseed oil pass into the milk, and consequently into the 
butter, as is proved by the occurrence of linolenic acid in such abnormal 
butter fats. Therefore, as Lobry de Bruyn has shown first, Dutch 
butters are frequently met with giving deviations of -26 to -30, 
and even -21 to -26, in the oleorefractometer, although they con- 

^ Zeits.f. (Inters, d, Nahrgs.- u. (lenussm., 1898, 16. 

^ Jmm. Soc. Chern. Ind., 18^, 861. * Biedervi. Zentralhlatt, 1901, 48. 

^ Cp. also Partheil and v. Velsen, Arch. d. Pharm., 1900, 261. 
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tained the normal amount of volatile fatty acids a^d had the proper 
flavour of good butter. 

On the other hand, refractometer flguixjs lying outside the numbers 
given in the tables do not unmistakably point to adulteration, but 
they certainly point to an “ abnormal ” butter. In these cases — as * 
exemplified by “ abnormal ” Dutch butters ^further investigation 
must show whether the sample under examination is an adulterated 
butter or not. 

Observations on the refraction of butter fats obtained from cows 
in different districts of the United Kingdom, as also from cows set 
apart for the purposes of an exhaustive inquiry, so that all the influ- 
ences affecting the chemical composition of butter fat might be traced, 
were made by the Government Laboratory.^ The observed fluctua- 
tions in the form of average values ^ are set out in the table, p. 856 ; 
but it should be repeated that an over-estimation must be carefully 
guarded against.^ In order to study the subject in detail the reader 
must consult the “ Bluebook.” ^ ^ 

Dimitrescu and Pojpescu ^ determined the refractometer readings of 
the insoluble fatty acids and found for 48 samples of pure butter the 
figures 29*0-304, at i(f C., while in the case of 3 other samples the 
reading was 31*1. These authors found for the insoluble fatty acids 
from cocoa nut oil, lard and beef fat the readings 15*1, 37*4, and 37*4 
respectively. Although the refractive index of the insoluble fatty 
acids lies within narrower limits than that of the fat itself, the same 
strictures must apply to this determination as have been given above, 
tv Raalte and Lickenhelt,^ however, in an examination of 530 butters 
found in some cases as high a reading as 36*9 for the insoluble fatty 
acids, so that it appears very little more information is given by the 
determination of this figure. ' 

The conclusion must be accepted that the indications of the re- 
fractometer must be supported by other methods ; in the first instance, 
by the determination of the Reichert- Meissl value. Indeed, determina- 
tion of the refractive index has become now of secondary importance, 
for reasons stated already (and to be repeated below). But it has been 
placed first, as the examination by this method requires less than a 
minute, and has, therefore, come into far greater vogue with analysts 
than it deserves. 

f 

^ Cp. Lam. Chem. ZeiL, 1900, 394. - Thorpe, Journ. (Jhevi, tSoc., 1904, 248. 

Report of the Departmental Committee on Rutter^ London, 1901. 

•* Therefore the two tables given pp. 844, 845 of the third edition of tliis work have 
not been reproduced here. 

* Ann. d.falsijic., 1910, 149. 

® Zeits. /. Unters. d. Nahrgs.- u. Oennssm., 1912, iii. 82 ; cp. also Ludwig and 
Haupt, d>id., 1907, xii. 521 ; Dons, 1907, xiii. 257, 1908, xv. 81 ; Ludwig, ibid., 
1907, xiv. 208 ; Breen, ibid., 1^08, xv. 79. 
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The Reichert-Meissl (Reichert-Wollny) Value 

The most valuable index in the chemical examination of butter 
fat is furnished by the determination of the Reichert-Meissl or Reichert- 
Wollny value. 

This value is of paramount importance, for the reason that it is 
not possible to prepare a mixture of any fats likely to be used as butter 
adulterants without adding very considerable quantities of butter fat/ 
so that the mixture may have a Reichert-Meissl value approaching that 
of normal butter fat, whereas all other “ values ” can be adjusted by 
a mixture of fats other than butter fat. Thus it is easy to prepare 
mixtures of cocoa nut oil and beef fat (or oleomargarine) having the 
same refractive index, the same amount of water-insoluble fatty acids, 
the same saponification value, the same specific gravity, and the same 
iodine value as a normal butter fat, so that if any one of the criteria 
mentioned were' applied solely, to the exclusion of th^thers, it would 
be impossible to differentiate butter fat from a mixture of the two 
fats named, and consequently it would be possible to add any quantity 
of this mixture to genuine butter fat without the adulteration being 
detected. It is therefore preferable to commence the examination of a 
butter fat with the determination of the Reichert-Meissl value. 

The 'modus o'perandi has been fully described in Vol. I. Chap. VI. 
I omit a very large number of “ new processes ” which have been pro- 
posed from time to time, most of these processes being nothing but 
modifica^ons and combinations of well-known methods. As an 
example of a superfluous method, I may mention Kreis’s modification 
of Reichert's process, since it met with some attention. Kreis ^ employs 
for the hydrolysis of 5 grms. of butter fat \0 c.c. of concentrated sulphuric 
acid. The experience of several chemists, including the author, has 
proved that invariably sulphurous acid is liberated, which, of course, 
must vitiate the results unless the sulphurous acid is removed or other- 
wise rendered innocuous. The ingenuity of several analysts has been 
exercised to eliminate the error due to the presence of sulphurous acid ; 
others again have tried to exactly define the strength of the sulphuric 
acid required so as to avoid formation of sulphurous acid. 

[n order to prevent the possibility of the formation of ethylic esters 
in the saponification process, Leffmami mid Beam proposed to saponify 
by means of caustic soda and glycerin. (It has b^fen shown (Vol. I. 
Chap. II.) that, provided a sufficient amount of alkali be used, no 
ethylic esters remain unhydrolysed). This process has been adopted 
by several laboratories affiJiated to dairies and by the German Imperial 

1 Cp. footnote, p. 802. 

Ohem. ZeiL, 1892, 1394. The statement made ^ Buute {Chein, ZeiL, 1894, 204) 
that butter fat is completely hydrolysed by sulphuric acid of specific gravity 1 ‘8366 
(correspondmg \o 93’5 per cent of SO 4 H. 2 ) cannot be correct. On repeating Bitnte’a 
experiments Thierae {Proc. K. Akad, Wetensch,^ Amsterdam, 1908, '865-860) obtained 
with sulphuric acid'of 93*5 per cent, 98’5 per cent, and 100 per cent SO 4 H 2 respectively, 
products containing in the same ^rder 81 ’0 per cent, 89*7 per cent, and 92’2 per cent of 
free fatty acids, 
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“ Gesundheitsamt,” especially for Polenske's method of determining ^ 
the insoluble volatile acids. It offers many advantages as regards 
rapidity of work. 

From the analyses of many thousands of samples of butter fat the 
fact has been deduced that the Reichert value is by no means so con- 
stant as Reichert's researches have led us to believe ; the quantity of 
volatile acids being influenced to a notable extent by the seasons^ the 
nature of the food, the period of lactation, the idiosyncrasy of the cow, 
the method employed in melting the butter, its state of freshness 
(rancidity), etc. 

In the following table I have collated the Reichert- Meissl (Reichert 
Wollny) values published by a number of observers, the Reichert values 
(for 2’5 grms.) having been multiplied by 2-2 so as to admit of a com- 
parison with the Reichert- Meissl (Reichert-Wollny) values, although 
this procedure is, strictly speaking, not correct. But as the variations 
in the numbers. of different butter fats are greater than the erroi* in- 
volved by the employment of a necessarily inaccurate factor, the table 
will be found sufficiently useful for practical purposes. 


[Table 
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Reirhert-Meissl {Reichert- JFollny) Values of Butter Fat 


■ 

Origin. 

Number of 
Samples. 

c.c. dociiiormal 
KOU. 

Observer. 

English .... 


? 

81*9 

Muter. 



7 

27 *6 -29-2 

Vieth. 



{ 7 

22-5 

Thorpe. 



17 

23*5 



15 

24 5 




27 

25-5 




37 

26*5 



357 

51 

27-5 




78 

28-8 




56 

29-5 




41 

30 5 




18 

31*3 




lio 

32*6 


Irish .... 

300 

nr> 

24 up to 

Brownlee. 


[33 

23 




f 3 

17-18 9 

van Kijn ^ 



3 

19-19*9 



8 

20- 20*9 


Dutch— during' September, 


28 

21 - 21 *9 



34 

22 - 22 9 


October, November, Dc- 


64 

23 - 23 9 

,, 

cember . . , , 

428s 

74 

24 -24*9 




56 

25-25*9 




67 

26 -26*9 




43 

27 -27*9 




34 

28-28*9 




9 

29-29*9 




1 5 

30-33 


Jiimiary/March 1910 . 

4G65 

{ ^ 
\1030 

20 - 22 

30 and over 


April/June 1910 

4774 

/ 2 
[1401 

23-24 

J^O and over 


July/September 1910 

4600 

j,i 

20 - 22 

30 and over 


October/December 1910 

4742 

/'19 

U51 

20 - 22 

30 and over 


January/March 1913 . 

4855 

/ 4 
11501 

23 - 24 

30 and over 


April/Jiine 1913 

4996 

/ 2 
U068 

24 - 25 

30 and over 


July/September 1913 

1793 

/22 

[68 

22 - 23 

30 and over 


Oct.l7,1900-Sopt.4,1901- 

6322 



Miniinum, in November 



22*1 

van Rijn. 

Maximum, in Match . 



33 4 


Danish (mixed) . 

7834 



M illinium 



22*4 

Holm and Kvarup * 

Maximum . 



33*3 


Swedish 


22 

26*9-29*4 

Vieth. 


797 

22*9 ^41*0 

Nilson. 


’ On the Composition of Butch Butter, London, 1902. Cp, also Reicher, Zeits. f. angew. 
Chon., 1901, 125 ; Clark, Ana^st, 1901, 113 ; Report of the Departmental Committee 
on Butter. Eyre and Spottiswoode, London, 1904. 

^ From fifty-three factories. 

^ Forty-sixth Report of Danish Agricultural Laboratory, The minimum and maxi* 
mum values of butters from single cows were 16*8 and 40*0 respectively. 
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Reichert-Meissl (Reichert-fFollny) Values of Butter Fat— continued 


Origin. 

Number of 
Samples. 

c.a deckiormal 
KOH. 

Observer. 

Norwegian — 

Nov. 1898 to Dec. 1901— 
Minimum, in June 

657 ' 

2M 


,, in March 


28-6 


Maximum, in August . 


81-2 


,, in January . 


84*9 


German .... 

1 

30‘8 

Reichert. 


1 

27 *0-31 -6 

Meissl. 


? 

27*6 -29-4 

Reichardt. 


t 

24 -82‘8 

Sendtner. 



22-32 

Thoruer. 

North-West Germany- 
Dee. 1898 to Nov. 1899— 



Vieth. 

Minima, in Oct. -Nov. . 


22-8-24*9 

Maxima, in April-June 


29*1-31*3 

») 

Dec. 1899 to Nov. 1900— 




Minima, in Oct. -Nov. . 


22-4-24*6 

,, 

Maxima, in April-May 

... 

29-9-81*0 


Fren#h .... 

? 

29-26 

Jean. 

28 

26-1 -30 6 

Vietli. 


39 

26-9-30-8 


Belgian . . • . 

693 

26-86*85 

Wauters. 

26 

25-25-84 

,, 


16 

24-24-96 



1 ^ 

23-08-23-84 ! 



11 

19-8-23 

- 

Italian .... 

178 

26-1-31-4 

Corbetta. 

? 

20-63 

Spallanzani. 


? 

19-8 

Spallanzani and Pizzi. 


? 

20*68 

Yigna. 

Minima 

? 

21-56 

Mia-issen and Rossi. 

? 

21 80 

Besana. 


? 

22-55 

Longi. 


? 

23-59 

Sartori 

Maximum . 

? 

3014 

Spallanzani and Pizzi. 

Russian- 



Lewin. 

Minimum, in July 

... 

25-7 

Maximum, tu February 


30-5 

Russian Bacteriological 

October-January . 

161 


MiniAm, in November 


21-89 

Laboratory 

M 99 

Maximum, in January . 


27-3 

>) 9) 

St. Petcrsbui^ City 

Minimum, in April 

74 

20*4 

Maximum, in February 


30*3 

Laboratory 

n * * 

Baltic Provinces . 

r, * ' * 

22-6-36*3 

Boggild.2 

Egyptian- 


24*0 

Lucas. 

Minimum . 


Maximum . 

... 

26*3 


Indian—* 


25-7' 

Menon. 

■ 


^ From fifty-three factories. ^ MUchzeit.^ 1909 (38), 124. 

* Characteristics of pure and Wulterated “Ghi” from India are given by Bolton 
and Revis, 1911- 892. 
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Reichert-Meml {Eeichert-lFollny) Values of Butter Fat — continued 


Orii^in. 

Number of 
Samples. 

Finnish— 

January to February . 
March to April 

May . ' . 

June to July 

August 

September . 

October 

November . 

December 

? 

? 

*) 

1 

Siberian- 

Minimum 

Minimum, in April 

150 

Maximum, in August . 

... 

Swiss 

? 

American .... 

? 


o.f. docinormal 
KOH. 

Observer. 

30-0-32 

29-3-32 

26-5-31-1 

25- 2-30-6 

24- 0-29-1 

26- 4-30-4 

25- 4-30-6 
27*5-29-9 
28*7-31-4 


Lewkowitsch 

and 

Laboratorium 
lur Smorunder- 
sokning in 
Hango. 



24-6 

24-0 

30*7 

Le\^in. 

Russian Bacteriological 
Laboratory 

28-10-31-10 

Ambuhl. 

27-36 

Cornwall and Wallace. 


• 


From the foregoing table it will be gathered that the Reichert-Meissl 
(Reichert-Wollny) values of butter fats vary considerably in different 
countries, and with the different seasons of the year. A sudden fall in 
the temperature during a period of feeding cows on turnip leaves, 
when the leaves were to some extent frozen, caused a sudden fall in 
the Reichert values of the milk fat.^ It appears somewhat unjust to 
fix a minimum limit (as this may exclude from the market butters 
produced at certain seasons) ; still, in order to prevent, to some extent 
at least, the fraud that would be practised if the Reichert-Meissl (Reichert- 
Wollny) value were allowed to fall below a certain number, the minimum 
value for a genuine butter generally adopted amongst analysts, although 
not officially, in this country and France is 24, in Germany 25, and in 
Sweden 23. With regard to the limits fixed by law in Be’gium and in 
Italy compare pp. 814, 815. An enormous amount of evidence has been 
published ^ to show that under certain conditions— which will be dis- 
cussed below— the Reichert-Meissl value of genuine i)utter fat may 
fall, and, indeed, does fall below these limits. But it has been also 
proved that with proper methods of dairying and with pro|)er finding 
and stabling, even under severe climatic conditions, the characteristic 
amount of volatile acids, as expressed by the Reichert number, does 
not vary much, and it would therefore appear unwise to reduce those 
adopted limits on the strength of individual, mostly exceptional, cases. 
Such a procedure would undoubtedly lead to greater laxity on the 
part of th^roducers of butter. It may be objected, and indeed has 

^ Siegfeld, Zeiis.f. Unters. d, Nahrgs. - u, Oernmm., 1909 (xvii.), 179. 

^ Cp. Report of ttie Departmental Committee on Buttefr, Eyre and Spottiswoode, 
1904. 
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been objected, that by fixing a low limit, such as 23, the adulterator 
would be in a position to regulate his admixtures to some extent so as ♦ 
to keep as low a limit as possible. This might perhaps be met by 
raising the limit, but it should be remetnbei’ed that the skilled adulter- 
ator will in any case adapt himself to given conditions, and especially 
to the tests applied by those analysts who are likely to examine his 
butter. At wsent enormous quantities of butter are sold in this 
country, the fats of which give Reichert- MeM values of exactly 24. 
Such butters are prepared, almost on a manufacturing scale, by mixing 
butters rich in volatile fatty acids with margarine, the ingredients 
being carefully analysed before the admixture takes place.^ Nor 
should greater scope be given to what has been aptly termed by MeM 
“ adulteration through the cow ” (for such adulteration see below), 
caused by bad feeding, or by not stabling the cows when the cold season 
sets in, or by other conditions Wiich influence the quality of the butter. 
Dutch butters furnish an instance by which this point may be illustrated. 
It has been proved^ that butter made in the northern provinces of 
Holland during October shows lower Reichert- Meissl values than 
butters produced, on the one hand, in September, and, on the other 
hand, during November and December. The cause of this decrease in 
the amount of volatile fatty acids is due to the climatic conditions 
obtaining during October; after the cows have been stabled in November, 
the amount of volatile fatty acids again increases.® 

The mean monthly figure for the Reichert-Meissl value in Altona 
during 1911 derived from 496 analyses was highest in May, namely, 30'2, 
and lowest in September, namely, 25*98. 

Several years ago butters jmported into the United Kingdom from 
the North of Holland during these critical months were repeatedly 
declared by analysts as adulterated, on account of their low Reichert 
values and other abnormalities." It was just this fact which led to the 
formation of the “ Dutch Control Stations.” Thus the farmers who 
produce such butter are now able, to prove its purity by affixing the 
label issued by the Dutch Department of Agriculture (see p. 814). It 
therefore happens not infrequently that “ Dutch Control Butters ” 
with low Reichert values are passed as pure, whilst without their labels 
they would be considered as suspicious and would even be condemned, 
unless convincing proof as to purity were brouglit by the vendor. 

* In tins connettion a table f,dveii by Wauters and Vandam in a pajier, Sur des cas 
de f(dstjic(itu)ns (Ic heurres hollandais unporlfs eii Bchjuiue, will be found in.sti'uctive. 
This t^le shows tliat butters oldained in Belgium through impoiting houses exhilut a 
niucli more undorm cornjio.siLion, and regularly much lower Reichert values, tlian butters 
taken from farms. Their table further shows how carefully the Reichert values are 
adjusted at the time of official sampling, so that at this time there are hardly any 
“ abnormal ” butters in the market. 

“ Van Rijn ; Reicher, 

3 The above observation loses ip force by the fact that in Mecklenburg the lowest 
Reichert- Meissl value.s are obtained m the .summer months when the cows are out on 
grass (Vieth, Chem. ZeiL, 1907, 1281). Hence a more likely reason for |Jie rise of the 
lie ichert- Meissl values in Holland after stalling would in Vieth's opinion appear to be 
caused by the change in food. But Vieth to some extent contradicts himself by pointing 
out that his conclusion cannot be taken as applying genepally. Cp. also Raraschtschuk 
with regard to Russian butters [Milchw. Zentralbl, 3, 634). 



XIV 


BUTTER FAT 827 

♦ 

It cannot be maintained that there exists any connection between 
the quality of butter and its chemical composition^ and a butter need 
not be of inferior quality because it only contains a low percentage of 
volatile fatty acids. But bvei! if this point be left an open question, 
it cannot be denied that to fix the limits too low, or to fix no limit, 
would be to take out of the hands of the analyst his best weapon against 
the adulterator and the careless farmer. Since butter from the southern 
provinces of Holland, where the cows are stabled at nights almost 
throughout the year, shows no such falling off in the amount of volatile 
fatty acids, it would follow that the butter manufacturer has it in his 
power to keep up to a standard which, for want of better analytical 
methods, may legitimately be considered a just and equitable one. 

Similar conditions to those described above obtain in North-West 
Germany (Vieth and in Siberia ; ^ in fact they can be shown to occur 
in any country ; therefore butter falling below the limit of 24 (Reichert- 
Wollny number) should be considered “ abnormal ” if further investi- 
gation proves that no adulteration with foreign fats has taken place. 

* 

The nature of the food greatly influences the amount of volatile 
fatty acids. Sfallanzani and Pizzi ^ have shown that when cows are 
out on grass the butter is rich in volatile acids, which diminish when the 
cows are stall fed bn a poor ration. • 

This agrees with Swaving’s exjierience that in the beginning of the 
grazing season the volatile acids increase, and remain at a high figure 
until the close of the season. 

If cows are fed on oil cakes, the Reichert- Meissl value of the fat 
decreases considerably, in conscquenci^ pf the oil passing into the milk 
fat. Thus it has bcfui shown that cows fed with cotton seed cake 
yield butter fats of higher melting point (cp. table p. 806), with a corre- 
sponding decrease of about 1 per cent* of volatile fatty acids. (It has 
been mentioned already that butter fat from cows fed with linseed 
cake behaves abnormally in the refractometric examination.^) Baumert 
and Falke ^ especially have shown that on feeding cows with oil cake, 
butter fats are obtained which exhibit Reichert-Meissl values corre- 
sponding to an artificial mixture of butter fat with the oils contained 
in the cakes.® Butters of this kind should at least be looked upon as 
“ abnormal ” butters, if not as inferior in quality. 

Numerous experiments by other observers have proved that by 
selecting the fdod it is possible to alter the composition of the butter 
fat. Thus cases have occurred in which farmers who fed their cows 
excessively with cottpn cake olitaiiied a butter which would have been 
condemned, and indeed was-condemned at first, as a butter adulterated 

^ MilclizeiL, 1901, No. 12. 

Cp. Report of the Departmental Committee pn Butter, Eyre and Spottiswoode, 

1904. 

Staz. Sper. Agrar. Ital., 38, 257. 

Cp. Lindsay, Massachusetts Slat. Rep., 1900, 14. 

® Cp. also A, Rufhn, Ann. de chim. anal., 1899, iv. 383. 

** Cp. also A. Burr, Milchzeit., 1907 (36), 289 ; 301. Knieriem and Buschmann ; 
V. Knorreand Girgensolin, Cldm, ZentralU., 1907, ii. 835. 
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with about 30 per i^ent of oleomargarine. ^ manufacturer who carries 
out such admixture by means of dead machinery in a works would 
certainly be termed an adulterator ; and the question may well be 
raised whether such adulteration “ through the cow ” may not be made 
at some future time a punishable offence/ just as at present it is not 
permissible artificially to increase the quantity of milk by giving the 
cows an excess of salt. 

Feeding experiments made with a view to ascertaining the cause 
of the deficient quantity of volatile soluble acids of the butters in the 
North of Holland were instituted by Swaving} Van der Zande, as 
also Siegfeld) have shown that feeding with turnips increases the amount 
of volatile acids (water-soluble as well as water-insoluble). More 
recently Siegfeld ^ and Awherger ^ proved that in this case the insoluble 
volatile fatty acids increase at a much greater ratio than do the soluble 
volatile acids {ReicJiert-Meissl value). Since, at the same time, the 
saponification values rise considerably and the mean molecular weights 
of the insoluble fatty acids fall in the same ratio, whereas the iodine 
values become very low, a superficial consideration of the analytical 
figures might lead to the conclusion that adulteration with cocoa nut 
oil has taken place, were it not for the very high Reichert-Meissl values 
these butters showed, namely, from 31-3 to 32*9. Later Siegfeld^ 
found '^he Reichert-Meissl to rise after feeding with turnip leaves to 
35 and even to 40, and to fall at the end of the period of such feeding 
to 24*5. (With regard to the corresponding values for the insoluble 
volatile fatty acids see p. 841.) The abnormal production of volatile 
fatty acids seems to be due to the sugar in the turnips, for Hoppe-Seyler 
showed, many years ago, that sugar is capable of yielding by purely 
chemical reactions volatile fatty acids, butyric acid, caprylic acid, etc. 

Of great importance is the observation made by Amberger that food rich 
in proteins, such as malt germs, 'produces the opposite effect, in that the 
Reichert-Meissl values, titration numbers of the insoluble volatile acids, 
and saponification values fell considerably (in a given case, from 25*5, 
1*8, and 225*5, respectively, to 16*7, 1*6, and 219*5), whilst the iodine 
values rose (from 32*1 to 39*2). Such butter would have been looked 
upon as adulterated with margarine. The experiments of Amberger 
are all the more convincing, as the feeding experiments, with turnips 
on the one hand, and with malt germs on the other, were carried out i 
with one and the same set of cows. It is thus possible to produce at 
will a butter having the characteristics of a butter adulterated with 
cocoa nut oil or of a butter adulterated with margarine. 

Feeding with sesame cakes increases the yiel^ of milk, but gives a 
softer butter. Arachis cakes have a marked influence on the taste 
of the butter. It must be borne in mind that feeding with oil cakes 
tends to lower the Reichert-Meissl value (cp. p. 827), and this fact 

^ Zeits. /. Unters. d, Nahrgs, - u. Geiiusm., 1906, ix. 605. 

2 Ibid., 1907, xiii. 616; 1909, xvii. 177. 

^ Ibid., 1907, xiii. 616 ; 1909, xvii. 38. Ibid., 1909, 1 1181. Paal and Amberger, 
cp. also Liihrig and Hepner, Pharm. Zentndbl., 1207^ (48). Fntzsche, Zeits. f. 
Unters. d. Nahrgs. - u. Qenusm., 1909, xvii. 635, 1049, 1067. 

^ Zeits, f. ^Unters. d. Nahrgs.- u. Genussm., 1909, xrii. 179. 
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may press hardly on the butter manufacturer^ as the public analyst to 
whom the butters are submitted can of course have no knowledge 
as to” how the cows have b§en fed. 

The influence of feeding^with cocoa nut cake has become of special 
importance, for cocoa nut oil passes into the milk fat and alters the 
chemical composition of the latter. Butters so obtained show high 
saponification values and low Reichert-Meissl values, such as are found 
in butters adulterated with cocoa nut oil (see below). The use of 
cocoa nut oil cakes as a food increases the yield of milk. 

Great fluctuations in the composition of butter fat are caused by 
the period of lactation. Nikon has shown in the case of Swedish 
bij^tter that the Reichert-Meissl value decreases from 3344 in the first 
month to 25*42 in the fourteenth month of lactation. According to 
Vieth,^ Holstein butter, made at a time when most of the cows were 
nearing the end of the period of lactation, gave numbers as low as 
21*7 ; also Spallanzani and Pizzi^ and a number of other observers,^ 
find higher Reichert-Meissl values in the early stages of lactation than 
in the later ones {Smetham ^). [Swaving,^ indeed, went so far as to 
consider on this account 14 as the permissible minimum.®] Similar 
depressions occur during the rut- time and illness of cows. 

As examples of the idiosyncrasy of cows may be mentioned 
experiments carried out by Eineche^ the object of which was to demon- 
strate the influence of rape oil, cocoa nut oil, and linseed oil given with 
the food. Different individuals behaved differently to each kind of 
oil, and it may be mentioned that, whereas it is accepted that cocoa 
nut cake stimulates the production of milk and milk fat, Eineche 
found that the influence of cocoa nut oil was rather depressing than 
stimulating regards the quantity of^fat (see p. 633). 

An especially striking example of the idiosyncrasy of cows has 
been described by Fischer.^ Some butters were suspected on account 
of their Reichert values lying between 16*8 and 19*3. The samples 
taken in the stable proved that the cows did produce butter fats of 
such ]ow Reichert values as 15*4 and 17*6. Since the food consisted 
largely of oil cakes (arachis cake, linseed cake, and cotton seed cake), 
the milk fat of the cows was examined after they had been out on grass 
for eight days, fourteen days, and five weeks, and the following Reichert- 
Meissl values were found respectively : 17*6, 23*6, an^ 22*2. 

Under the heading of idiosyncrasy may also be considered the 
influence of the age of the animal on the composition of its milk fat. 

The preservatives used may also have an influence on the Reichert- 

1 Milchzeit., 1899, 785. 

“ Ibid., 1889 461, 483. 

^ Cp., e.g. Paal aud Amherger, Zcits. /. Unt^s. d. Nahrgs.- u, Genussm,, 1909, 
xvii. 44. 

^ Analyst, 1909, 304. 

Landw. Verswhsst., |891, 127. 

^ Cp. also Swaving, Zeits. f. Unters. d. Nahrgs.- v. (ienussm., 1905, x. 81 ; 1906* 
xi. 506. 

’ Miit. d. landw. Inst, dl Univ. Breslau, 1903, 2, 569. 

Zeits. f. Unters. d. Nahrgs. - u. Genusmi,, 1905, x. 338. 
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'Meissl value of tHe fat, Grimaldi^ has shown that the addition of 
benzoic acid to butter fat, oleomargarine, and cocoa nut oil raises the 
Reichert-Meissl values to an extent projjortipnate to the amount used. 

Excellent as Reichert's method is, sopffistication with 20 per cent 
of a foreign fat in the case of butters rich in volatile acids, or of 10 
per cent in the case of butters of ordinary quality, cannot be detected 
with certainty in every case by the usual rapid methods. Still, Reichert's 
process must be considered the best method hitherto designed for the 
detection of frauds, or of “ abnormal ” butters, no other method 
allowing rapid discrimination between genuine butter and a butter 
adulterated with a judiciously prepared mixture of margarine ajid 
cocoa nut oil. The following table demonstrates this clearly : — 


Eeichert-Meissl Vahm 


Kind of Flit 

C.C. dccinornial 
ruUiih. 

Observer. 

Cocoa nut oil 

7*0-7*8 

( Reichei't, 
j Moore, Allen, 



f Milter 

Margarine . .... 

2*6 

Muter 

Oleomargarine 

0*8-0*9 

Jean 

Butter tat with 10 ner cent of cocoa nut oil 

26*8 

,, 

n „ ‘^0 „ 

24*13 


„ „ ‘A5 M „ M • 1 

24 

Muter 

n M to ,, ' 

18 


n 75 ,, 

50 parts ot butter fat, 22*5 parts of cocoa nut 
oil, and 27*5 parts of oleomargarine . 

12 

5» 

17*4 

M core 


The glycerides of the volatile acids, notably acetin, have been used 
as butter adulterants, as it is easy to prepare a mixture of margarine 
and acetin having a normal Reichert-WoJlny value. Inasmuch as 
acetin is soluble in water its detection becomes an easy matter.^ 

Only in those cases where margarine free from cocoa nut -oil has 
been used for adulteration, and its proportion exceeds 10 per cent, will 
the determination of the saponification value prov^ equally expeditious, 
since butter fat containing more than 10 per cent of margarine gives a 
low saponification value (see below). In doubtful cases it is therefore 
advisable to determine the saponification value as well as the Reichert 
value. Thus, in case butyric acid, butyrin, or amyl acetate have been 
added to conceal an admixture of margarine, an abncrmally high 
saponification value in conjunction with a normal Reichert value will 
lead to their rapid detectioq. Furthermore, whenever an abnormally 
high saponification value is associated with an abnormally low Reichert 
value, the presence of cocoa nut oil may be suspected. In the latter 
event certainty is obtained by applying the phyiosteryl acetate test. 

^ Ann. Lab. Ghim. d. GaheMe., 191 S, vi. 681. 

“ Tarugi and Vernengo, Chem. Zeit.^ 1911, 1068. 
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The following table presents several examples of those cases where 
the Reichert-Meissl value just reaches the figure 24, and the analyst is 
therefore confronted with uncertainty as to whether the butter is 
adulterated or not * 


No. 

Fat. 

* 

Koichort 

Mcissl 

\aliie 

Oleo- 
refracto 
metei . 

Deviation. 

Observer. 

1 

Genuine butter 

26-29 

-30 

Jean 


Cocoa nut oil . . . 

31 ‘9 

-31 

Muter ^ 

2 

7-8 

- 59 

.lean 


Genuine butter with 10 per cent of cocoa nut oil 

7 7 

-51 

Muter 

3 

4 

26 8 

-ai! 

Jean 

5 

!! r ‘30 ,! !! 

24*13 

- 36 

Muter 

6 

,, ,, 2r) ,, 

26*4 

- 39 

7 

n n 50 

19 8 

- 14 i 


8 

„ „ 75 

13 2 

- 49 


9 

Margarine ... 

2 8 

- S'5 


10 

Genuine butter with 25 ))or cent of margarine 

21 

- 27 


11 

n „ r>o 

17*1 

- 22 


12 

) ) _ ' ) a> , , 5 , 

Margarine with 50 jier cent of cocoi nut oil , 

9 9 

- 15 


13 

6*1 

- 32 

#’ 

14 

50 per cent genuine butter with 25 jier cent of 
niarganne and 25 per cent of cocoa nut oil 

19*3 

-33 


15 

25 per cent genuine butter with 50 per cent of 
margarine and 25 per cent of cocoa nut oil 

12*3 

-27 



The specimens represented by Nos. 3* and 4 of the foregoing table 
cannot be reported as adulterated samples if judged by the Reichert- 
Meissl value and by the refractomejFic yiethod alone. 

The adulterator has taken advantage of this fact, and hence — 
especially in Belgium — largo amounts of butter were undoubtedly 
adulterated with cocoa nut oil. 

In cases of this kind, the phytosteryl acetate test leads un- 
mistakably to the detection of vegetable oils. Hanus and Petrik^ 
state that by the examination of the ethylesters 10 per cent of cocoa 
nut oil can be determined in butter. For the details of their method 
the original paper should be consulted. 

Since this test demands a considerable amount of time, as well as 
of material, it has been attempted to detect cocoa nut oil in butter 
fat by a more rapid method, aiming at the determination of the water- 
insoluble volatile acids. ^ 

^ The Reichert values given hy Mata ha\»! heeii multiplied by 2’2 for the sake of 
better comparisou. 

Cheni. MU 1910, 736. 
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The Water-insoluble Volatile Fatty Acids 
Titration Number of Insoluble Volatile Fatty Acids 

The principle underlying the detection of cocoa nut oil by this 
method rests on'the fact that by far the greater part of the volatile 
fatty acids of huiter fat obtained in Rek^rt's distillation process is 
soluble in water, a small quantity only being insoluble, whereas in the 
case of cocoa nut oil, a small amount only of the volatile* acids obtained 
by the Rekhert distillation process is soluble in water, by far the larger 
amount being insoluble. By titrating separately these two kinds of 
fatty acids with decinormal potash, a great difference between butter 
fat on the one hand and cocoa nut oil on the other will be observed. 
This difference can also be traced in butters adulterated with com- 
paratively small quantities of cocoa nut oil (about 10 per cent). This 
principle was proposed by Salkowski ^ and later on has been made use 
of by Hart,^ Wauters,^ Yandam,^ and Reychler.^ Wauiers required 
(on applying his method of distilling twice) 114 c.c. of decinormal 
potash for the soluble volatile acids of cocoa nut oil and 154 c.c. for 
its insoluble volatile acids, whereas several samples of butter fat (taking 
the mean of three samples) required 27-9 c.c. for the soluble volatile 
acids and 0-9 c.c. for the insoluble volatile acids. 

Although the details of WaukVs process have been criticised by 
Ranwez^ the underlying principle is a sound one (cp. also Jean'^), 
It has been carefully worked out almost simultaneously by Mixntz and 
Coudon ® in France, and by Polenske ® in Germany, to a new method for 
determining cocoa nut oil in butter. 

In order to obtain constant and comparable results it is necessary 
that the minutest details be observed in carrying out the determina- 
tions, and it must further be considered as an indispensable condition 
that the apparatus should conform in every respect to that described 
by the respective authors. 

Muntz and Coudon weigh out accurately, with the aid of a finely 
draTO-out tube, 10 grms. of filtered butter fat, melted to a clear liquid, 
into a cybnder of 5 cm. diameter and 8 cm. height, provided with a 
spout, and tared on an accurate balance. Befoi'^ the butter commences 
to solidify, 5 p.c. of a hot concentrated solution of caustic potash are 
added. The potash solution is prepared by dissolving 120 grms. of 
caustic potash (pure from alcohol), with exclusion of air, in hot water, 
which is^ added in small quantities, so that the final volume of the 

^ Zeits, amlyt. Cliein., 1887, xxvi. 682. Chem. ZeiL, 1901, 207. 

2 Jhdl. de I’ Assoc. Beige, de Chm., 1901, 258. Cp. Bull, du Service de Surveillance, 
etc., 1907. 

'* Ann.de Pharm. de louvaiU, 1901, 201. Analyst, 1901, 320. For a criticism of 
Vandani’s method, cp. Fendler {Arbeit, a. d. Pham. Inst. d. Univ., Berlin, 1908). 

® Bull, de la Soc. Ghim., 1901, 142. 

® Ann. PHarm., 1901, 241. Cp. Van Leent, Cfmn. Gentralhl, 1903, ii. 1193. 

Ann. Chim. Anal. Appl., 1903, 441. 

^ Annales de I'lnstitut national agronomique, 1904, [3] (2), Fasc. 1. 

® Arbeit, a. d. Kaiserl. GesundheUsamte, 1904, 545. 
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solutioo,%hilBt still warm, does not exceed 100 c.c. Should this 
solution crystallise on cooHng, it should be heated on a water-bath 
mtil It becomes clear, when small quantities of water are added so 
tnaMbe solution may remain clear at a temperature of 20° C. 

ith the aid of a glass rod, flattened at the end, the caustic potash 
IS intimately mixed with the butter fat, and the mixing is continued 
for at least twenty minutes, so as to bring the butter fat particles into 
intimate contact with the potash. The mass becomes hot at first ; 
when it has b^^^me hard, the cylinder is placed in an oVen heated to 



Fig. 15. 


70-80° C., and left therein for twenty minutes ; this is sulflcient to 
effect comple# saponification. With the aid of the glass rod the hard 
soap is broken up and reduced to a coarse powder. This^is then trans- 
ferred with the aid of 200 c.c. of distilled water^ accurately measured 
off, into a distilling flask. The flask is gently heated over a Bunsen 
burner with frequent shaking, care being taken that no loss of water 
occurs through evaporation. When the soap is dissolved completely 
and cooled down to the ordinary temperature, 30>c.c. of a phosphoric 
acid solution of M5 specific gravity are Udded. (This solution is 
prepared by dissolving syrupy phosphoric acid of 45° in about 
twice its vojj^me of water.) Finally, a few pieces of pumice stone 
are introduced. ^ 

The carbonic acid which is combined with the potash would render 
VOL. II 3 H 
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the determination incorrect ; in order to remove it the flalk is con- 
nected with a vacuum pump and exhausted for ten to fifteen minutes, 
while the cold, acid solution is carefully shaken. The distilling flask 
is fitted with a dephlegmator, and is connected with a condenser exactly 
as shown in the figure. The distilling flask is of Bohemian glass, and 
holds 600 c.c. up to the commencement of the neck ; the latter is 9 
cm. long and has a diameter of 20 mm. The dephlegmator is made 
from a glass tube 1 meter long, having an outside diameter of 16 mm. 
and inside diameter of 14 mm. It is bent exactly as is shown in the 
illustration. The lower end is cut off aslant ; a side tu|e is sealed into 
the upper end. The upper end of the dephlegmator is closed by an 
india-rubber stopper. The dephlegmator has a vertical height of 35 
cm. ; about 92 cm. of the total length of the tube thus serve for cooling 
the vapours. 

The flask is heated direct over a Bunsen burner ; in order to avoid 
overheating of the sides, especially towards the end of the distillation, 
the flask is placed on a copper ring of 13 cm. diameter, having a hole 
6 cm. in diameter. The flame is so regulated that the distillation lasts 
about one hour and a half. The distillate is received in a 200 c.c. 
graduated flask. The distillation is interrupted when exactly 200 c.c. 
have^ distilled over. 

rie liquid in the measured flask is more or less turbid, and on its 
surface there float oily drops of insoluble volatile acids. In order 
to facilitate the separation of the insoluble volatile acids from the 
soluble volatile acids, th^liquid is allowed to stand till the following 
day, and is then filtered through a moistened filter paper. The in- 
soluble acids remain on the filter, and the soluble acids are collected 
in a 750 c.c. beaker. The flask is washed with 5 c.c. of water, which 
are also thrown on the filter. 

All these precautions are 'indispensable in order to obtain a good 
separation of the soluble from the insoluble volatile acids, as other- 
wise, e.g. if the time allowed for separation were shortened, small 
quantities of insoluble acids would pass through the filter, which would 
be indicated by the turbid appearance of the filtered liquid. In order 
to obtain constant results it is indispensable that the aqueous solution 
should be perfectly clear. To the clear filtrate six drops of a 1 per 
cent solution of phenolphthalein are adde'd and the liquid titrated 
with standardised lime water. 100 c.c. of the lime wJSer are run in 
at once from a pipette, and the titration is then com])leted with the 
same standard lime solution added from a burette. The titration is 
finished when the pink colour persists in the liquid for a few seconds. 
The number of c.c. of lime solution used for titration is calculated to 
butyric acid. 

The insoluble volatile acids which have remained to the largest 
extent on the filter, and "traces of which still adhere to the 200 c.c. 
flask, as also to the cooling tube of the condenser, are collected by 
placing the filter on the 200 c.c. flask and treating it fith four suc- 
cessive washes of alcohol of 6 c.c. each, allowing the alcohol to fall 
drop by drop from a pipette on to the filtet. The 200 c.c. flask is then^ 
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placed under the condeillaer, the outlet of which has meanwhile been 
closed by means of an india-rubber tube and pinch-cock. The con- 
denser is detached from the dephlegmator, and about 200 c.c. of alcohol 
are run into the cooling tube qf the condenser through a small funnel. 
The alcohol is allowed to remain for some minutes in the tube and is 
then run into the 200 c.c. flask by opening the pinch-cock. The con- 
denser tube is washed once more with 5-6 c.c. of alcohol. The alcohol 
must be neutral^ and be of 95 per cent (Gay Lussac ?). The insoluble 
volatile acids, which are now completely collected in the 200 c.c. flask, 
are titrated (^fter addition of four drops of phenolphthalein solution) 
with standard lime solution, which is allowed to run in from a burette. 
The quantity of volatile insoluble acids is also expressed in terms of 
butyric acid. 

It will be seen that Muntz and Coudon deviate from the French 
official method (described Vol. I. Chap. VIII.) in the determination of 
the volatile acids, and approach the method of Reichert- Meissl with this 
important difference that they employ double the quantity of material 
and collect twice the volume of distillate. I append, in the following 
table, the results obtained by Muntz and Coudm in the examination of 
forty butters obtained from different departments of France - 


[Table 
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No. 

Soluble Volatile Acids. | 

Insoluble Volatile Adds, j 

Relation (Rapport). 


1 

losol. Vol. Acids 



In Terms of Butyric Acid. ^ 

'^VorA^r 


Per cent. 

Per cent. 


1 

5*55 

0*57 

10*3 

2 

6*01 

0*77 

12*8 

3 

6*00 

0*75 

12*5 

4 

5*10 

0*50 

9*9 

f) 

5*14 

0*73 

14*2 

6 

5*52 

0*63 

11*4 

7 

5 62 

0*69 

12*3 

8 

5 '72 

0*52 

9*1 

9 

5*50 

0*65 

11*8 

10 

5*38 

0*50 

9*2 

11 

5*21 

0*50 

11*4 

12 

5*91 

0*63 . 

0*66 

10-5 

13 

5-73 

11*6 

14 

5 -.54 

0*79 

14*3 

15 

5 70 

0*87 

15*1 

10 

5*86 

0*61 

10*5 

17 

5*52 

0*61 

11*0 

18 

5*61 

0*79 

14 2 

19 

6*44 

0 75 

13*7 

20 

5*56 

0*68 

12 2 


5*24 

0*71 

13*5 

22 

5*70 

0*69 

12*1 

23 

5*19 

0*59 

11*3 

24 

4*83 

0*67 

13*8 

25 

4*79 

0*68 

14*1 

26 

5*61 

0*60 

10*7 

27 

5*47 

0*72 

13*2 

28 

5*24 

0*55 

10*5 

29 

5*45 

- 0*64 

11*8 

30 

5*19 

0 81 

15*6 

31 

5*02 

0*59 

11*7 

32 

5*47 

0*54 

9*8 

33 

5*07 

0*58 

11*4 

34 

5*26 

0*68 

12*9 

35 

5*14 

0*71 

13*8 

36 

5*18 

0*69 

13*3 

37 

5*01 

0*59 

11*8 

38 

5-01 

0*64 

12*7 

39 

5*43 

0*51 

9*3 

40 

5*20 

0*54 

10*3 



.V 




Average 0*652 

12*04 


f 

Minimum 0*50 

9*1 



Maximum 0*87 

15*6 

. 


On referring to p. 642 it will be gathered that the relation : — 
insoluble volatile acids - 7 - soluble volatile acids x 100 varies for cocoa 
nut oil between the numbers 250*3 and 314*7. The enormous difie^ 
ence which exists in this respect between butter fat and cocoa nut oil 
permits the recognition of an admixture of cocoa nut oil to butter. 
This is confirmed by the following table, in which I have collated a 
number of figures published by Muntz and C(y>jdon 




XIV 


BUTTER FAT 


837 


» 

Soluble Volatile 
Adda. 

• 

Insoluble Volatile 
Acids. 

Relation, 

In Terms of Butyric Acid. 

Insol. Vol. Acids 
'hoi. Vol. Acids'^’ 

Per cent 

Per cent 

Mixtures of Pure Butter with 

20 per cent Cocoa Nat Oil, No. 1 (p. 642) 

1. Puro butter (Sarthe) . 

6 67 

0-71 

12'6 

Do. • containing 20 per cent 



27-2 

cocoa nut oil . 

4 ‘82 

1*31 

2. Pure butter (Normandy) . 

6-88 

0-62 

10*6 

Do. containing 20 per cent 




cocoa nut oil . 

5-09 

1-28 

25-0 

3. Pure blitter (Bretagne) 

5-56 

0*56 

10-0 

Do. containing 20 per cent 




cocoa nut oil . 

4'81 

1-40 

29*0 

Mixtures of Pure Butter with 

\b per cent Cocoa Nat Oil, No. 1 (p. Gl2) 

1. Pure butter (Seine Inf^rieure) . 

6-34 

0-69 

^•9 

Do. containing 15 per cent 




cocoa nut oil . 

4-71 

M9 

25 '2 

2. Pure butter (Sarthe) . 

6-67 

0'71 

12'6 

Do. containing 15 per cent 




cocoa nut oil . 

5-03 

MO 

21*9 

3. Pure butter (Fmist6re) 

6*52 

0-63 

11*4 

Do. containing 15 per cent 



23-6 

cocoa nut oil . 

4-71 • 

Ml 

Mixtures of Pure Buffer with 

\2'b per cenj Cocoa Nut Oil, 

No. 1 (p. 042) 

' 1. Pure butter (Vend^.e) . 

6-71 

0-73 

12 8 

Do. containing 12'6 per 


M6 

22 '4 

cent cocoa nut oil . 

6*20 

2 Pure butter (Charente-Inferieure) 

5 '24 

0'71 

^3'5 

Do. containing 12 '5 per 



20-7 

cent cocoa nut oil . 

6'19 

1*08 

3 Pure butter (Charente-Inferieure) 

5-44 

0-75 

13 '7 

Do. containing 12*6 per 

4-84 

1-23 

25-3 

cent cocoa nut oil . 


[Table 
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Mixtures of Pure Butter with 10 per cent Cocoa Nut Oil, No. 2 (p. 642) 



j, — 

Soluble Volatile 
Acids.' 

Insoluble Volatile 
Acids. 

Relation. 


In Terms of Biityric Acid. 

Insol. Vol. Acids 
'so'i;vor.‘Acidr 

1. Pure butter (Seine Inf^rieure) . 

Per cent. 

5-34 

Per cent. 

0-69 

12-9 

Do. containing 10 per cent 




cocoa nut oil 

4-90 

I'Ol 

20 '6 

2. Pure butter (Morbihan; 

5-56 

0-56 

10-0 

Do. containing 10 per cent 




cocoa nut oil 

5-23 

1-03 

19*6 

3. Pure butter (Vond^o) . 

573 

0*66 

11-6 

Do. containing 10 per cent 




cocoa nut oil 

6*30 

1‘02 

19-2 


Exactly the same principle underlies the method of Polenske, who 
works Vith 6 grms. of butter fat, and adapts himself more completely 
to the EeicherUMeissl {Wollny) method than Muntz and Condon did. 

Polenske ^ ascertained, by examining thirty-four samples of butter 
fat, the Reichert- Meissl values of which varied from 23*3 to 30-1, 
that the amount of decinormal alkali required for the insoluble 
volatile fatty acids varied from 1*5 to 3*0 c.c., whereas in the 
case of four samples of cocoa nut oil having the Reichert- Meissl 
values 6‘8 to 7*7, as much as 16-8 to 17‘8 c.c. of decinormal potash 
were required for the neutralisation of the insoluble volatile acids. 
(The number of c.c. of decinormal alkali required for the neutralisa- 
tion of the insoluble volatile fatty acids was termed by Polenske 
“ new gutter value.”) Polenske further lays stress on the fact that 
the insoluble volatile fatty acids of butter fat form oily drops, if the 
Reichert- Meissl value of the butter fat be low, or a semi-solid, non- 
transparent mass in case the Reichert- Meissl value be high. He further 
observed that if 10 or more per cent of cocoa nut uil be admixed to butter 
fat, the insolubje volatile acids no longer solidify. (This is explained 
by Polenske by the fact that the volatile acids of cocoa nut oil contain 
large quantities of caprylic acid, whereas in the case of butter fat capric 
acid predominates.) 

A large number of experiments have demonstrated that it is abso- 
lutely necessary to follow the process in all its minutest details, in order 
to obtain concordant results. 

If the LeffmannrBeam method for saponification is adopted, care must 
be taken to use exactly 20 grms. of glycerin for each test, since Arnold ^ 

* Cp. Vol. I. p. 425. ^ 

Zeits, f. Unters, d. Nahrgs- u. Oenusm., 1912, viii. 391. 
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states that the amount of insoluble volatile acids varies directly with 
the amount of glycerin. This is, no doubt, due ' to the higher 
boiling point of the acid liquid. Arnold also advises, in order to guide 
the operator, the use of lard in a blank test, the PolemJce value of which 
should^be about 0’5. 

In the following table I reproduce a number of values published 
by Polenshe for pure butter fats, and for the same butter fats after 
they have been admixed with 10 per cent, 15 per cent, and 20 per 
cent of cocoa nut oil respectively : — 


Number of c.c. uoim. KOU, "Titiatiou Numbera,” required for the Neutralibiitioii 
of the 


No 

Soluble 

Volatile 

Acids 

(R.-M 

Value), 

Insoluble 

Volatile 

Acids 

Soluble 

Volatih' 

Acids 

(R.-M. 

Value). 

Insoluble 

Volatile 

Acnis 

Soluble 
Vdlatile 
Acids 
(H -M 
Value). 

Insoluble 

Volatile 

Aeids, 

Soluble 
Volatile 
Acids 
(R -M. 
Value). 

Insoluble 

Volatile 

Acids. 

of 

Pure Butter Fat. 

of ^ 
Same Butter Fm 
containing 

10 per cent of 
Cocoa Nut Oil. 

of 

Same Butter Fat 
contaiuiiig 

15 pel cent of 
Cocoa Nut Oil. 

of 

Same Biittei Fat 
containing 

20 per cent of 
Cocoa Nut Oil. 

1 

19 9 

1-35 

187 

2 1 

18 1 

2 ‘9 

17*6 

»3*3 

2 

21-1 

1'4 

19 7 

2 3 

19 2 

3 0 

18 5 

3*6 

3 

22 f) 

1'5 

21 0 

2 5 

20 1 

2-9 

19 8 

3*5 

4 

23 3 

1-6 

22 0 

2 5 

21 5 

3 1 

21 0 

37 

5 

23-4 

1 5 

22 3 

2-1 

217 

3-1 

21*2 

3 7 

6 

23-6 

1-7 

22 ‘5 

2-5 

21 9 

3-3 

21*4 

4-0 

7 

21 5 

]‘6 

23-3 

2 5 

22 4 

3i 

217 

37 

8 

24-7 

1*7 

23-8 

2-9 

22-9 

3-5 

22 i 

3-9 

9 

24-8 

1 7 

23 '5 

27 

♦22 7 

3-2 



10 

21-8 

1-6 

23 4 

2 5 

22 8 

3-0 

22 1 

3*6 

11 

25-0 

1-8 

23 0 

2 7 

23-3 

3-1 

21-8 

3 6 

12 

25-1 

1'6 

23-5 

2 5 

• 23-1 

3-0 

22-5 

3-8 

13 

26-2 

1 6 

23 4 

2-6 

22-9 

3*0 

22 3 

37 

14 

25 '3 

T8 

21‘0 

2-9 

23-5 

3 '5 

22 6 

4*1 

16 

25-4 

1-9 

’^1-2 

3-0 

237 

3 6 

22 6 

4*1 

16 

25 -6 

1-7 

24-1 

27 

23-3 

3-1 

22*7 

3*7 

17 

25 4 

17 

23-8 

2 6 

23 0 

3*1 



18 

26-2 

1*9 

25-0 

3-1 

21-2 

3*6 

23 6 

4*0 

19 

26 5 

1 9 

25 0 

2 9 

21-1 

3*5 

23 2 

4*1 

20 

26-6 

1*8 . 

25-4 

2 9 

24-6 

3 3 

23*9 

3*8 

21 

26-7 

2-0 

25-2 

3 2 

24-5 

3*6 

237 

4*2 

22 

26-8 

2 0 

24-8 

3-U 

24-2 

3 4 

23 5 

4*0 

23 

26-9 

2‘1 

25-2 

2-9 

21-1 

3*6 

23*2 

4*2 

24 

26-9 

I'O 

24-9 

2 9 

24 -0 

3*3 

• 23 3 • 

4*0 

25 

27-5 

1-9 

257 

27 

24-9 

3-3 

24-0 

3*9 

26 

27-8 

2-2 

2tk0 

3-1 

25 0 

37 



27 

28-2 

2-3 

2P1 

3-1 

25-1 

3*8 

21*5 

4*4 

28 

28-4 

2 ‘3 

26 6 

3-5 

257 

4*0 

25*1 

4*5 

29 

28-8 

2-2 

26-8 

3-3 

26-0 

3*9 



30 

28-8 

2 '5 

27-1 

3-6 

26-3 

4*0 

25-4 

47 

31 

29-4 

2-6 

27-6 

3*8 

26-9 

4*2 



32 

29-6 

2 ’8 

27*6 

3*8 

2(j'2 

4*2 

25*5 

4*9 

33 

29 ‘5 ' 

2 5 

27-4 

3-5 

26 6 

4*1 

25*4 

47 

34 

30'1 

3'0 

27-8 

3-8 

26-9 

4-4 

26*2 

5*0 


With the assistance* of this table Polenske claimed to be able to 
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calculate quantitatively (though only approximately) the admixed 
cocoa nut oil in an adulterated butter fat, relying on the conclusion 
derived from the' thirty-four given samples, viz. that the amount of 
alkali required for the neutralisation of th6 insoluble volatile acids is 
increased by 0*1 c.c., through the addition of 1 per cent of cocjpa nut 
oil. An example may illustrate his manner of calculation : — A sample 
of butter fat gave the Reichert-Meissl value 24*5, and required for the 
neutralisation of the insoluble volatile fatty acids 3-0 c.c. of decinormal 
alkali. The insoluble volatile acids were found to be liquid. Accord- ’ 
ing to the foregoing table, a pure butter fat of the Reichert-Meissl 
value 24-5 requires only 1-6 c.c. of decinormal alkali for the neutralisa- 
tion of the insoluble volatile acids ; hence, there was used an excess 
of 3-0 -1*6 = 1*4 c.c. for the neutralisation of the insoluble volatile 
fatty acids. The sample must therefore be judged to have been adulter- 
ated with cocoa nut oil. Since each 0-1 c.c. is taken to correspond to 
1 per cent of added cocoa nut oil, the sample would contain 14 per cent 
of cocoa nut oil. Examples 15 and 22 of the foregoing table (24-2 ; 
3-0 and 24-8 ; 3-0) would point to amadmixtiire of 10 per cent of cocoa 
nut oil. The sample which gave these numbers actually did contain 
10 per cent of cocoa nut oil. 

Sundberg^ dissents from this method of calculation as he states 
that it<^gives the amount of cocoa nut oil expressed as a percentage 
of the butter fat present, which figure must be reduced to the percentage 
of the mixture. He adduces the following example as proof of his 
statement :~-A mixture containing 20 per cent of cocoa nut oil had a 
Reichert-Meissl value of 23-7, and a PolensU value of 4*4. The quantity ^ 
of cocoa nut oil according to Polenske's table would be (4-4 - 1-7) x 10 = 27 
per cent. Expressed in terms of the mixture, this figure would be 
reduced to 21*3 per cent. 

A table showing the influencO which the amount of fat taken exer- 
cises on the Reichert-Meissl value and titration number of the insoluble 
volatile acids is given in Vol. I. p. 536. * 

Although these methods must be considered as valuable additions 
to the armoury of the analytical chemist, the fact should not be over- 
looked that some uncertainty adheres to them, especially as regards 
the quantitative interpretation, since the value'^)f these methods can 
Ire rendered nugatory by the employment of smaller quantities of 
cocoa nut oil th(in 10 per cent, or of a mixture of cocoa nut oil and 
margarine or of edible palm kernel oil instead of cocoa nut oil. 

Unfortunately the results obtained by He two methods are not 
comparable, and it must therefore be repeated once more that it is 
necessary strictly to adhere to the working conditions laid down by 
Miintz and Coudon on the one hand and by Polenske on the other if it 
be desired to institute a comparison with the above given figures. 
Moreover, it must not be overlooked that in the examples given above 
the composition of both the original butter and tlfe admixed cocoa 
'nut oil were known. This is of course not the case if a commercial 

-k n 

^ Zeits.f. Unters. d. Nahfgs- u. Gennssm., 1913, xxvi. 422. 
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sample be under examination. Whereas the composition of cocoa 
nut oil does not fluctuate within wide limits (see, however, below), the 
vagaries of butter fat may, in case only small additions of cocoa nut 
oil have been made, entirely nullify the indications to be drawn from 
the above given tables. * 

Polenske in his original communication gave a table setting out 
tlie maximum permissible titration numbers for the insoluble volatile 
acids of butter fats corresponding to all Reichert- Meissl values lying 
between 20 and 30. I have not reproduced this table, as in my own 
experience with different butter fats examined by Polenske's method, 
I found that the assumed regularity which he hadj derived frorfl his 
figures did not hold good for my specimens. Thus, whereas Polenske 
gave the titration numbers for the insoluble volatile acids of butter 
fats having Reichert- Meissl values from 29 to 30 as 2’5-3-0, with the 
maximum permissible limit of 3-5, 1 have obtained the following figures 
with a number of undoubtedly pure French and Finnish butters 


Titration Numbers of Soluble and Insoluble Volatile Acids (Lewkowitsch) 


Soluble Volatile Acids 

Insoluble Volatile 

Jlcichcrt-MeissUValue, 

Acids. ^ 

29-3 

3-29 

29'31 

3-19 

29-32 

2-63 

29-37 

2-80 

29-96 

2-24 

30-02 

3-27 

30-15 

. • . . 3-24 

30-49 

3-60 

31-0 

3-06 

31-41 

• 4-1 

31-49 

3-0 

31-99 

3-03 

For butters obtained from cows 

which have been fed on turnip 

leaves, Siegfeld ^ found the following 

titration numbers 

Soluble Volatile Acids 

Insoluble Volatile 

* Keichert-Meissl Value, 

Acids. 

36-35 

6-00 , 

40-30 

(f20 

30-15 

3-30 

30-45 . . » . 

3-10 

33-45 

4-40 

31-60 

4-90 

20-1 

4-05 

24-45 

2-06 

n 

It must be conceded that in the face of these numbers no fixed 
rule as to maximum permissible numbers, and consequently as to 

the presence of cocoa nut oil in the 

case of an unknown sample, can 

* Zeits, f. (Inters, d. Nahrgs- w. 

Qenusm.y 1909 (xvil.), 179. 
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be derived from the titration numbers of the insoluble volatile acids, 
although Barthel and Sonden^ state that a large number of Swedish 
butters examined by them during tl]ie years ,1904 to 1912 never showed 
figures for the insoluble volatile acids exceeding those given by Polenske. 
It should, further, be added that the limits given by Polenske for the 
insoluble volatile acids of cocoa nut oil cannot be accepted as having 
general applicability, for I have found for a number of edible cocoa 
nut oils of the Reichert- Meissl values 7-32 to 7*5, titration numbers 
of the insoluble volatile acids lying between 15-49 and 20-45. Further- 
more, it should be noted that if palm kernel oil instead of cocoa nut 
oil be admixed v^th butter fat much smaller titration numbers will 
be found for the insoluble volatile acids, since palm kernel oil yields, 
in Polenske' s test, numbers lying between 10 and 12. 

Whereas the method proposed by Muntz and Coudon has not been 
made the subject of further publications, a large number of observers 
have repeated Polenske's experiments, and have confirmed the strictures 
I have expressed above. Amongst those observers are Hesse^ Wied- 
mann^ Arnold,^ Farnsteiner,^ 0. Jensen,^ Ijuhrig,'^ Siegfeld^^ Kuhn,^ 
Ridml and Harrison,^ Thorf}^ Kuhn,^^ Fritzsclie}^ Tatlock and 
Thomson}^ and H. T. Cranjield}^ Siegfeld has published a considerable 
number of analyses of genuine butters, and has shown that the general- 
isation expressed by Poknske's additional table (omitted in this work) 
does not hold good, that wide deviations therefrom must be allowed, 
and that the titration numbers of the insoluble volatile a(;ids are subject 
to the same fluctuations as the ReichertrMeissl values. Nay, it has even 
been demonstrated that through the vagaries of butter fat the titration 
numbers of the insoluble volafde acids are liable to greater fluctuations 
than the Reichert- Meissl numbers themselves.^® The titration numbers 
appear to vary much more through the influence of food than does 
the Reichert-Meissl number, especially if cocoa nut cake has been used. 

Nor have more recent observations confirmed Polenske's statement 
that the insoluble volatile acids of butter fat no longer Solidify in case 
10 per cent or more of cocoa nut oil have been admixed with the butter. 
For I have frequently observed that genuine butters with high Reichert- 
Meissl values yielded insoluble volatile acids, which did not solidify 
atl6"C. 

It must, therefore, be concluded that the results obtained in the 
determination^f the insoluble volatile acids by either method must 

^ Zeits.f. (Inters, d. Ndhrgs- u. (knussrn., 1914, xxvii. 439. 

2 Milchw. CentralbL, 1905, i. 13. 

^ Molkerei Zeit. IlHdeshrim, 1904, 18, 29. 

‘‘ Zeits.f, (Inters, d. Nahrgs- u. Genussm., 1905, x. 202. 

^ Ibid., 1905, X. 51. 

« Ibid., 1905, X. 276. ’ Ibid., 1906, xi. 14. ^ 

8 Milchw Centrcdbl, 1906 {%), 289 (7), 146. 

» Ibid., 1907, xiv. 741. 

Analyst, 1906, 256. ” Ibkl, 1906, 857. 

Zeits.f. (Inters, d. Nahrgs- u. Oemissm., 1907, xiv. 743, 
i** Ibid., 1908, XV. 193. 

1^ Journ. Soc. Chem. Ind., 1909, 69. 

‘8 Analyst, 1911, p. 446. 

^8 Cp. Zeits, /.(Inters, d. Nahrgs- u. Oenussm,, 1909 (xvii.), 37. 
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be looked upon witlf great circumspection, and that no definite con- 
elusions can be drawn, unless they are supported by other evidence — 
chiefly the phytosteryl acetate test (see below). 

It should be remembered t^at when cows are fed with cocoa nut 
cake their milk fat simulates, in its chemical composition, a butter 
fat to which small quantities of cocoa nut oil have been admixed, in 
tliat it exhibits a low Reichert value and a high saponification value, and 
also a high titration number of the insoluble volatile fatty acids. This 
pitfall should at present be especially guarded against, as in conse- 
quence of the enormous expansion of the edible cocoa nut oil industry 
very large quantities of cocoa nut cake are given to milch cows (see 
p. 633). Though butters obtained from cows so fed are genuine they 
may raise grave suspicions in the mind of the analyst when “ abnormal ” 
figures are obtained. 

To give an example, Juckencick and Pasternack'^ have published 
the following analyses of two genuine butter fats, which were looked 
upon as extremely suspicious on account of the analytical data which 


they furnished : — 

JJiittei No 1. lliittor No. 2. 

Saponification value ... , 236-96 236-80 

Reichert-Meissl value . . . . .27-06 a^7*16 

Titration number of insoluble volatile acids . . 3-60 2-40 

Mean Molecular Weight of the insoluble fatty acids 263-06 262*46 


It should further be borne in mind that feeding with turnips, or 
^urnip leaves, increases the titration numbers of the insoluble volatile 
fatty acids in a much higher degree than the titration numbers of the 
soluble volatile fatty acids {Reichert-Meissl values), so that also through 
this cause unjustified suspicion may be raised against butters in which 
the pro])ortion of insoluble volatile to soluble volatile acids deviates 
considerably from the figures quoted above.^ 

In such cases it is absolutely necessary to have recourse to the 
phytosteryl acetate test, as this leads unmistakably to the detec- 
tion of cocoa nut oil, for it has been pointed out (p. 670) that numerous 
experiments have demonstrated that any phytosterol given with the 
food does not pass into the milk fat. Therefore it is easy to distin- 
guish butter fats to which cocoa nut oil has been added fraudulently 
from those butter fats which simulate adulterated spQpimens through 
the fact that the milch cows have been fed with cocoa nut cake. Since 
the phytosteryl acetate test reveals the smallest quantities of vegetable 
fat present, it is possible by this means to detect with certainty 10 per 
cent (and even less) of fraudulently added cocoa nut oil. 

In order to prove this byi actual experiments the author prepared 
mixtures of pure butter with 10 per cent pf cocoa nut oils, containing 
0*23 per cent and 0*179 per cent respectively of unsaponifiable matter. 
In the following table the results of this examination are tabulated 


^ Zeits.f. Uiitm, d. Nahrgs- u. Oeiiitsm., 1906, xi. 169. 
(Paal and Aiiiberger), iMd., 1909, ii. 287. 
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% 

Phytosteryl Acetate Test with pure Butter Fat, pure Cocoa Nut Oil, and with 
a Mixture containing 10 per cent of Cocoa-Nut Oil (LewhowiUch) 




Pure 

Butter Pnt. 

•c. 

Pure Cocoa 
Nut Oil. 

-c. 

Mixture of pure Butter Fat 
with 10 per cent of Cocoa Nut 
Oil, yielding Unsaponlflable 
Matter. 





0-23 per cent. 

0*179 per cent. 

Melting point 

of 2nd crop of crystals . 

112 

129-130 

116-117 

113*5 

Do. 

5th do. 

113*6 


123-124 

123*0 

Do. 

7 th do. 

113*6 



* 


This is confirmed by Kedrevitschf who found 0-09 to 0-3 per cent of 
crude phytosterol yielding an acetate melting at 122 to 125° C. in cocoa 
nut oil; whereas butter fat contained 0*3 per cent of crude cholesterol 
yielding an acetate melting at 113 to 113*5° C. 

It should not be forgotten that the information furnished by the 
phytosteryl acetate test, as carried out ordinarily, may be rendered 
nugatory by the fraudulent addition of a small amount of paraffin 
wax to the butter fat. It has been shown above (“ Lard,” p. 719) 
how the paraffin wax can be eliminated, so that the indications of the^ 
phytosteryl acetate test become absolutely reliable. 

I wish to emphasise again that, if serious errors are to be avoided, 
in each doubtful case the indications of the insoluble volatile acid test 
must be supplemented by the phytosteryl acetate test. 

Altogether futile must be judged the attempt of some analysts to 
derive the conclusion that an admixture of beef fat or lard has taken 
place if only low titration numbers for the insoluble volatile acids are 
found. This erroneous conclusion had indeed been propounded within 
the author’s experience in the case of a number of butter fats having 
Reichert-Meissl values of about 25*6 to 26*2, ana the titration numbers 
(for the insolubje volatile acids) 2*01 to 2-06, because the additional 
table published by Poknske (omitted here for the reasons stated above) 
indicated that the titration number should be 2-$} It need hardly be 
pointed out that conclusions resting on such slavish adherence to fiigures 
derived from too small a number of observations on butters produced 
within a limited area are entirely deypid of general applicability. 
Emphasis should be laid on this, since it^ay happen that a miscarriage 
of justice may follow, especially if, on the strength of such erroneous 

^ Zeits. /. Unters. il. Nahrgs- u. Oenussm.y 1912 (xxiv. ), 334. 

* In fact, as palmitic acid distils over under tlie conditions of the test in not altogether 
negligible quantities (cp. e.g. table, p. 700), the titration number of the insoluble volatile 
acids of mixtures of butter fat and lard or tallow are slightly raised. Of course one must 
guard against falling into the error of attributing this to the presence of cocoa nut oil. 
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conclusions, the amount of supposed beef fat or lar4 be calculated 
with the help of the “ rule of three.” 

The pfesence of cocoa ifut oil in butter fat can also be detected by 
resolving the suspected butter fat into two fractions, with 95 per cent 
alcohol (m the manner described under “ Lard,” p. 699), and examin- 
ing each fraction separately. This is illustrated by the following table 
due to Arnold ^ 

^ ^ 

I Zeits. /. (Inters, d. Nahnjs-' u. ((enussni., 1907, xiv, 195. Op. iilho table, p. 811, 
for pure butter fat. 


[Table 
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In conclusion it should be pointed out that the determination of 
the titration number of the insoluble volatile acids is usefully supple- 
mented by the phytosteryl acetate test, which in its present form does 
not admit of quantitative •interpretation, and which obviously becomes 
useless in case a margarine “ earmarked ” with sesame oil or containing 
other vegetable oils and fats has been employed as an adulterant. 

As a qualitative test, capable of indicating 6 per cent or 10 per 
cent of cocoa nut oil in butter fat, HinJcs ^ recommends the following 
method : 5 c.c. of the melted and filtered fat are dissolved in 10 c.c. of 
ether in a test tube which is then corked up and placed in ice. In 
the course of half an hour a certain amount of solid glycerides will 
be found to have separated out, leaving a clear ethereal solution as an 
upper layer. The ether is poured on a filter and filtered rapidly. 
The ethereal solution is evaporated down on the water bath, the re- 
sidual fat brought into a test tube and boiled with three to four times 
its volume of 96-97 per cent alcohol, in order to effect complete solution. 
On allowing the solution to cool to the ordinary temperature, most of 
the fat separates. The tube is placed next in water at 5° C., and 
kept at that temperature for fifteen minutes. The alcoholic layer is 
then rapidly filtered into another test tube, which is placed in ice, 
and kept at C. for two or three hours. A flocculent deposit soon 
separates but. A portion having been withdrawn by the ^d of a 
wide-mouthed pipette and placed on a slide, the crystals are examined 
microscopically under a magnification of 250-300, care being taken that 
the crystals are not broken by pressing the cover on the slide. 

The glycerides deposited from pure butter fat form round granular 
•masses, whereas cocoa nut oil yields fine needle-shaped crystals,^ the 
forms of which can be readily observed even at a lower power than 
250. In the case of a mixture of cocoa nut oil and butter fat, the 
deposit shows granular butter fat spheres side by side with numerous 
small, very fine, almost feathery crystals. These will generally be 
found attached to the butter fat granules, but sometimes they form 
clusters by themselves, their characteristic appearance being that of 
a mass of crystals growing from the side of the butter granules. Hinks 
states that the presence of 10 per cent of beef fat, cotton seed oil, or 
sesame oil does not mask the presence of cocoa nut oil. Lard, how- 
ever, does not interfere with this test, inasmuch as, treated by this 
process, lard yields stellate clusters of crystals which almost completely 
suppress the granular appearance of the butter fat crystals. * 

It should be noted that alcohol of less strength than 95 per cent 
is inadmissible, since butter fat has the tendency to assume ciystalline 
form on separating from weaker alcohol. As the deposit is soluble 
in alcohol at the ordinary temperature, or at any rata loses its crystal- 
line form, the microscopical examination must be conducted rapidly. 
If the temperature of the room should be somewhat high, the slide must 

^ Analyst f 1907, 160 ; cj). G^saro, vol. i, 366. 

^ This hag also been observed by Morres {Zeits, /. Unters, d. Nah/i'gs- u. Oenmsm,, 
1911, xxi. 482), who states that tallow, lard, and cocoa nut oil yield needle-shaped 
crystals. * 
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be kept cool on a shallow glass dish containing clear lumps of ice.^ 
Hinks concludes from several experiments that the feeding of cows 



Fig. 16.—Pure Butter. 200 diam. 



Fig, IT.—Pure Cocoa Nut Oil. 70 diam. 

with cocoa nut cake does not interfere with this test.^ Further indica 
tions are furnished by the microscopical slides reproduced here.^ 

‘ ^ Op., however, Lahache, Joum. Pharm. Chem., 1903 (18), 338. 

^ Theae photomicrographs were prepared by E, R. Bolton. 
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'Hoton^ who advocates the examination of butter in polarised light 
for the detection of cocoa nut oil, attaches too much importance to 



i' 




■ 





Fig. 18.— Butter containing 5 per cent of Cocoa Nut Oil. 200 diam 



Fig 19.— Butter containing lO per cent of Cocoa Nut Oil. 200 diam. 


the value of the microscopical appearance, as the whole art of butter 
manufacture is to prevent the crystallisation of the glycerides. 

\;^L. II 3 I 
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The butters obtained from cows fed on cocoa nut cake yield by 
alcoholic extraction glycerides simulating in their physical charac- 
teristics (refractive index, critical temperature, melting point, ai\4 
microscopical appearance) ^ the glycerides "obtained from cocoa nut 
oil. A grave miscarriage of justice may therefore occur if the analyst 
relies on these methods without having recourse to the phytosteryl 
acetate test. 

A considerable number of other methods aiming at the detection 
of cocoa nut oil in butter fat are omitted here, for the reason that they 
do not furnish better results than can be obtained by the methoas 
detailed above.^ 

Wauters recommends also the microscopic examination. 

There may, however, be mentioned specifically two methods pub- 
lished recently by Fendler ® as they embody new principles, although 
it is hardly likely that they will supersede tlie foregoing methods (viz. 
Muntz and Condones, and Polenske's). The first method is carried out 
in conjunction with the determination of the Reichert- Meissl value. 
Fendler dissolves those fatty acids from 5 grins, of butter fat, whicli 
are left after distilling off the volatile acids by the Reichert process, 
in 50 c.c. of petroleum ether, distributes 25 c.c. of the petroleum ether 
vSolution over 10 grms. of powdered and dried pumice, evaporates off 
carefully the petroleum ether, and treats with 50 c.c. of alcohol of the 
specific gravity 0-9123 at 15° C. (60 per cent by volume). An ac- 
curately measured portion of tlie alcoholic filtrate is then titrated with 
decinormal alkali, and thus the amount of c.c. of decinormal alkali 
required to saturate the non-volatile acids obtained by tlie described 
process is calculated. , Pure bu|/ter fat requires under these conditions'*^ 
40-48 c.c. of decinormal alkali, whereas jialin nut oil reipiires 188 c.c. 
and cocoa nut oil from 192 to 205 c.c. The second method is based on 
the determination of the ethyl^.sters boiling up to 300° C. For this 
second method cp. Vol. I. Chap. XII. For a method based on the 
solubility of the salts of the fatty acids cp. hihrewshury and Knajtp,^ 

If vegetable fats have been proved to be absent, and yet Reichert- 
Meissl values are obtained which leave a doubt as to the genuineness 
of the butter, then only admixture of animal fats can be suspected. 
In that case corroborative evidence should be sought in the determina- 
tion of thp saponification value. 

^ Falsifications et tribunaux, by L. Leroux, Anvers, 1911, 93. 

^ Cassal and Gerrans, Chem. 1910, 190; Slirew.slniry and Knapp, Analyst^ 

^ 1910, SS.'J ; Bhchfeldt, Jouni. Hoc. Chem. Jnd., 1910, 792. 

* Arbeitm a. d. Pharm. Inst d. Unn\ Berlin, 1908. The aiitlior states tliat the 
method has been worked out in 1903. 

* Analyst, 1910, 385. 
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Saponification Vj\lite 

As indicated in the table (p. 804) the mean saponification value of , 
butter fat may be taken as 227. # 

Butter fats that yield abnormal Reichert- Meissl values also ^ive 
abnormal saponification values, so that, to take an example, the saponi- 
fication value may drop in the last stages of lactation to 218*5. It 
need hardly be repeated here that a “ correct ” saponification value 
alone is no proof of purity, for it is very easy to prepare mixtures of 
oleomargarine and cocoa nut oil having the mean saponification value 
of 227. The saponification value is best collated with the Reichert 
value. It has been shown above (p. 830) that when an abnormally 
high saponification value is associated with a low Reichert value, the 
presence of cocoa nut oil may be suspected. This, however, must 
not be looked upon as a rule, for Olig and Ttllnmn ^ have shown that 
some undoubtedly genuine Dutch butters behave abnormally, in that 
high Reichert- Meissl values are associated with low saponification 
values, and vice versa. Thus, a butter of the Reichert- Meissl value 
30*1 had the saponification value 224*6, and butter of the ffeichert- 
Meissl value 26*1 had the saponification value 232*6. Abnormalities (if 
such a term be permitted) of this kind can only be due to the butter 
fat in the latter case containing a larger amount of myristic and lauric 
acid than in the former (see below). 

• It should not be forgotten that the saponification value depends 
on the vagaries of butter fat in the same manner as does the Reichert- 
Meissl value. Thus the above-mentioned abnormal butters, described 
under the heading of ‘‘ Idiosyncrasy,”^gave the following values - 


Saponification Value. 

Ueichert- Meissl Value. 

Mean Molecular Weight 
of the In.solublu 

Fatty Acids. 

209-0 

17 6 

209 *6 

215*3 

23-6 

268*4 

212*4 

22*2 

i 

267^ 


Butter fats having very high saponification values can be pro- 
duced through feeding the cows with turnips or turnip leaves. Thus 
Siegfeld^ obtained in experiments raad^ with a herd of cows the 
following numbers : — 


^ Zeits.f. Unters. d. Nahrgs- n. (fenuwn., 1906, xi. 86. 
, 2 /bid., 1907, xili. 517. 



852 


GLYCERIDES— NON-DRYING ANIMAt FATS chap. 



SaponifloatlOB ValoM. 

t ; 

Fed withootTnmipe. 

Fed with Turnips. 

Herd No. I. 

221-235 

238-241*4 

Herd No. II. 

224.230 

233-242*6 

Herd No. III. 

230*6-233*1 

' 233-243*6 


Of less decisive importance for judging the purity of butter fat 
than the refractive index, the Reickert-Meissl value, the titration number 
of the insoluble volatile acids, and the saponification value, are the 
specific gravity and the iodine value. As some analysts still determine 
these characteristics in the examination of butter fat, either in order 
to obtain additional information or in the belief that these numbers 
constitute valuable criteria, they must be discussed here briefly. 


^ Specific Gravity 

J . Bell, who first proposed the determination of the specific gravity 
as a critical test for the examination of butter fat, chose the temperature 
of 100° F. = 37*8° C., and used an ordinary pear-shaped specific gravity 
bottle. In the examination of a large number of samples he found *■’ 
that the experimental values vary within the narrow limits of 0* 911 and 
0*913. In the subjoined table I collate the specific gravities of genuine 
butter fats and some other fats^' likely to be used as adulterants ; all 
numbers refer to the temperature of 100° F. 


Specific Gravities of Butter Fats and Butter Adulterants 


Kind of Fat 

Specific Gravity at 
100“ F. = 87*8° a 
(water at 87*8=G. 

Observer. 

Genuine butter fat, 113 samples . 

0*911-0*913 

Bell 

„ „ „ 367 „ . 1 

0*9101-0*9130 

Thorpe 

„ „ „ .368 „ . 

0*9100-0*9200 

V. Rijn 

Mutton suet .... 

0*90283 

Bell 

Beef suet 

0*90372 


Oleomargarirfe .... 

0*90136-0*90384 


Cocoa nut oil ... . 

0*910-0*9167 

(op. p. 64.^)) 

Lard . , . • . 

0*905-0*907 

( » 707) 


From the last table, as also from the table given in Vol. 1. Chap. V., 
the fact will be gathered that cocoa nut and palm nut oils, if present 
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in small quantities, cannot be detected by the specific gravity test alone. 

It further* follows that a judiciously prepared mixture of cocoa nut oil 
with animal oils can be ijicornorated with butter fat, without being 
detected by an abnormal specinc gravity number. 

The importance which some analysts ascribe to the specific gravity • 
test in judging butter fat is entirely unjustifiable. For this test would 
hardly lead to the detection of smaller quantities of an adulterant than 
30 per cent, an amount which is revealed with the greatest ease by 
sflme of the foregoing methods. The over-estimation still accorded to 
the specific gravity test dates back to the time before the more modern 
methods had been discovered. Since these have come into vogue the 
specific gravity test has lost its importance, even as a corroborative 
test, for such gross adulterations as can be detected with the help of 
' the specific gravity test alone are hardly practised nowadays. 

The scientific explanation for the foregoing statements must be 
found in the fact that the slight influence which the few per cent of 
volatile fatty acids exercise, is completely outbalanced by slight varia- 
tions in the composition of the remaining 04 per cent of insoluble 
fatty acids. This may be gathered from the numbers collated in the 
following table : — 


Specific Gravity of Fatty Acids occurring in Butter Fat 


Acid. 

At* C. 

Spooiflc Gravity. 

Butyric .... 
Caproic .... 

20/J 

0*9;i90 

23/1 

0-9274 

Caprylic 

20/4 

0-9100 

Capric .... 

40/1 

0-8858 

Laurie .... 

20/4 

0-883 

Laurie .... 

60/4 

0-8642 

Myristio 

60/4 

0-8584 

Palinitic 

62/4 

0-8527 

Stearic . 

69 '2/4 

0-8454 

Oloic .... 

] 1-8/4 

0-8908 

Oleic .... 

78-4/4 

0-8540 


Since the older literature contains a number of specific gravities to 
which reference is still being made, and as some countries stipulate 
in their laws and regulations (see p. 813) certain specific gravities, it 
may be found useful to have them here reproduced. 

Violette^ had stated that by means of a density determination 
alone butters may be rapidly sorted into .three classe'fe, viz. (a) those 
undoubtedly adulterated with margarine, or with araohis, sesame, and 
poppy seed oils ; (h) those open to suspicW ; (o) those that may be 
considered practically pure. 

In the light of the above given explanations this statement cannot 
be considered as correct. 


1 Comjpt. rend.f 1893 (117), 856. 
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Nothing is gained by determining the specific gravity in vacuo as 
Violette proposes. His numbers may, however, be recorded here : — 

1 At 100° C. weighs in vacuo 

^ Grms. 

Genuine butter . . . 0-86328-0-86425 

Margarine .... 0'85766-0-85865 

Skalweit, having found that the differences in the specific gravities 
of butter fats and of fats likely to be used as adulterants are greatest 
at 35° C., makes his determinations at this temperature. His results 
are given in the following table : — 


Temperature. 

Lai-d. 

Marpirino. 

“Butterine." 

Butter Fat. 

•c. 

35 

0-9019 

0*9017 

0*9019 

0*9121 

50 

0*8923 

0*8921 

0*8923 

0*9017 

(iO 

0*88.59 

0*8857 

0*8858 

0*8948 

70 

0*8795 

0*8793 

0*8793 

0*8879 

80 

0*8731 

0*8729 

0*8728 

0*8810 

90 

0*8668 

0*8665 

0 8663 

0*8741 

I'UO 

0*8605 

0 8601 

0*8598 

0*8672 


Other chemists prefer to determine the specific gravity at 1(K)° C. 
(water at 15° C. = 1) ; the results recorded by the different observers 
agree in a satisfactory manner : — * 


Fat. 

(, Koenigs. 

Sell. 

Allen. 

Genuine butter 

0*866-0*868 

0*866-0*868 

At 09° C , water 

0*867-0*870 

Beef tallow .... 


0*859-0*8605 

Lard 


0*860-0*8605 


Oleomargarine .... 


0 859-0*860 

0*8585-0*8625 

Adulterated butter . 

0*859-0*865 

0*864-0 865 



The following specific gravities at 1(X)° C., referring to water of 
100° C. as unit, have been recorded 


ISpeci^fic Gravities at 100° C., Water at 100° C. = 1 



c 



Fat. 

J. Bell 

Muter, 

Allen. 

Genuine butter fat . 

0*9094-0*9140 

0*9106-0*9138 

0-9099-0*9132 

Oleomargarine . 

0*9014-0*9038 

^*903-0*906 

0*902-0*905 
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Iodine Value 

t 

The iodine value is of very little importance m the examination of 
butter fats. This is shown, in the first instance, by the great variations* 
in the numbers recorded in the table, p. 804. The amount of un- 
saturated fatty acids in a butter fat is greatly influenced by the^^ind 

oil or fat given to the cow with the food. Since the amount of un- 
saturated fatty acids influences the refractometric constant (pp. 667, 
819), the indications furnished by the iodine value are implicitly given 
by the refractometer numbers of the sample. 

It should further be emphasised that all those influences which 
tend to reduce the amount of volatile fatty acids, apart from the 
influence of food, pro tanto increase the iodine value. Thus Farn- 
steiner and Karsch found the iodine value of butter fat obtained from 
cows that had been in milk for a long time as high as 49-7. Exception- 
ally high values -~52‘4 and 53-3 — were observed by Siegfeld} 

Exceedingly low iodine values are obtained in the case of butter 
fats from cows fed on turnips and turnip leaves. Siegfeld, as also 
Amherger,^ observed as low iodine values as 22-5, 23-0, 23*4, 23*8, 23-9, 
26'2, 26*5, 26'7 (see above). * 

Of still minor importance is the determination of the insoluble 
fatty acids ( + unsaponifiable), and of the mean molecular weight of the 
insoluble fatty acids. 

The determination of the amount ©f insoluble fatty acids (see table, 
p. 806) is very rarely carried out at present in the examination of 
butter fat, since the test has been entirely superseded by the deter- 
mination of the soluble volatile acids by Eeicherfs process. More- 
* over, the indications furnished by this test are too uncertain to admit 
of fixing, even approximately, the amount of any adulterant added. 
Even if normal numbers are found, they afford no proof of the purity 
of the sample. It should further be noted that the washing out of a 
larger or smaller amount of lauric acid from the insoluble fatty acids 
causes an appreciable error and corresponding uncertainty. 

The determination of the mean molecular weight of the insoluble 
fatty acids has been proposed by several observers ^s a critical test, 
but inasmuch as the Reichert value and the saponification values 
furnish implicitly the same information, no further insight ;nto the 
composition of the sam})lc is gained. Some observers have even 
carried out complicated calculations, without noticing that they were 
introducing at the outset into their equations the result they hoped 
to obtain. 

A synopsis of a number of determinations carried out with 357 

' ^ Cheiii. Zeit„ 1908, 506. 

“ Zeits. f. Unt^rs. fikNahrgs- u. Genussin., 1907, xiii. 5‘Jl. 

1907, xiii. 614. 
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samples of English butter fats (Thorpe is repfodi^ced in the following 
table : — a 


I. 

II. 

III. 

IV. 



V. 

VI, 

VII. 

No. of 
Samples. 

Diityro- 
rofracto- 
ineter at 
4fj“ C. 
“Degrees.'’ 

Relchert- 

Wollny 

Value. 

Specific 
Cmvity at 
3r-8- 
87*8” 

Saponifica- 
tion Value. 2 

Insoluble 
Acids. 
Tor cent. 

• Mean 
Molecular 
Weight of 
Insoluble 
Acids. 

7 

42-0 

22-5 

0-9101 

219-65 

90-1 

266-9 

17 

41-5 

23*6 

0-9104 

221-39 

89-7 

265-6 

16 

41 -5 

24-6 

0-9108 

223-24 

89-4 

266-0 

27 

41-3 

^6 -5 

0-9110 

223-41 

89-3 

‘^64-2 

87 

41-0 

26 '5 

0 9113 

225-39 

88-9 

261-9 

61 

40-6 

27-6 

0-9114 

226*76 

88-7 

261-7 

78 

40*1 

28-8 

0-9118 

228-32 

88-4 

260-9 

66 

40-1 

29 ’5 

0-9120 

229-91 

88-3 

259-6 

41 

39 9 

30-6 

0-9123 

231-43 

87-9 

260-1 

18 

39-7 

31-3 

0-9125 

232-30 

87-9 

258-0 

10 

357 

39-4 

32 -6 

0-9130 

232-58 

87-7 

257-8 


The numbers of the foregoing table must not be taken as expressing 
any fixed correlation or rule which can be applied straightway to the 
examination of any given sample, for the mean values naturally obliterate 
the irregularities which become apparent if the analytical data, which « 
are summarised in the horizontfal lines, are considered individually for 
each single sample. Moreover, some few samples, which had been 
examined in the course of thi? investigation, have been left out, as 
their data fell outside the range of the numbers which the remainder 
of the samples in the same horizontal line gave. For a complete study 
of this investigation the reader must be, therefore, referred to the 
analyses of the samples given in the Blue Book.^ For the detection 
of lard and beef fat by Poknslce's method, based on the relationship 
between the melting point and solidifying point, cp. Vol. I. p. 324. 

Enough has been said in the foregoing lines to point out clearly 
that the rapid methods, although undoubtedly indicating in a 
given case whether a genuine butter or a grossly adulterated butter 
is undeflc examination, fail in certain cases to allow of definite conclu- 
sions being drawn as to whether adulteration has taken place or not. 
The fundamental error of some analysts consists in resting satisfied 
with the performance of the “ rapid ” tests, which apply chiefly to 
the 6 to 7 per cent of volatile fatty acids, whereas the 94 per cent 
of insoluble fatty acids are not further investigated. A good deal of 
uncertainty is eliminated by performing the phytosteryl acetate test, as 

^ Joum, Ohem, 1904, 254.' 

•2 Calculated by the author from the saponificatip-eqijivalents given by Thorpe. 

3 Report of the Departmental Committee on Butter, 1904. 
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this test reveals unmistakably the presence of any vegetable oils and 
fats (cocoa nut oil, palm kernel oil) which may have been admixed to 
the butter as such, and also the presence of any margarine containing 
vegetable oils. It is therefore * perfectly unnecessary to rely in the 
search for margarine on the assistance of the law-makers, who, in some 
countries, prescribe the compulsory addition of sesame oil to mar- 
garine. In order to show how futile this palliative must be, it may 
be pointed out in the first instance that the adulterator, in defiance 
0^ the law, can easily prepare margarine to which no sesame oil has 
been added. But even if, by careful supervision, a margarine maker- 
could be prevented from omitting the sesame oil, it is easy to circum- 
vent the Baudouin test by employing colouring matters, which give a 
similar reaction to sesame oil with hydrochloric acid alone. Fendhr} 
as also Lewkowitsch (before a Parliamentary Committee ^), have shown 
that if it be attempted to wash out such colouring matters by treating 
the fat with hydrochloric acid, the treatment must be repeated so often 
that finally the fat no longer gives the Baudouin reaction, whether 
sesame oil bo present or not. As the addition of colouring mattei s is not 
forbidden, it is obvious that the enforced addition of sesame oil to 
margarine cannot be of any lasting help to the analyst. On the other 
hand, genuine butters have occurred which faintly gave the Bl^^udouin 
colour test. On the strength of this test these butters would have 
been judged to have been adulterated with margarine. The colour 
reaction in these butters is due to part of the chromogonetic substances 
of sesame oil having passed into the milk fat of cows fed with sesame 
,cake. Although very many feeding experiments with sesame cake 
have been carried out by a considerable number of observers, no con- 
cordant conclusions have been obtained. Whilst Baumert and Fahhe, 
Thorpe,^ and others have shown that the chromogenetic substance of 
sesam^. oil does not pass into the milt, there are a number of other 
observers {Vieth, Siegfeld, a. o.) who deny this fact, and state that 
they distinctly obtained the sesame oil reaction with butter made 
from the milk of cows that had been fed on sesame cake. Considering 
the idiosyncrasy of animals and the difficulty of conducting physiological 
experiments, it was impossible to decide in favour of either of the two 
conflicting opinions. New light has been thrown on this question by 
Engel, ^ who has ascertained by a number of experiments that four to 
five hours after feeding with sesame oil the Baudouin j^edLciion became 
noticeable, whilst after another six to ten hours it could not be 
obtained, and that it reappeared again after a further four to five 
hours, then disappeared entirely. Since the feeding of milch cows 
with sesame cake is on the increase in the north of Europe — in conse- 
quence of the legally prescribed addition of sesame oil to margarine- 
genuine butter fat exhibiting the Baudoi^in reaction may occur more 
frequently than hitherto. In this connection it should be remembered 

^ Chm. Revue, 1905, 10. v 

2 Report on the Butter Trade, July 1906. * 

^ Analyst, 1898, 266 I Jahrbuch d. Ghem., 1898, viii. 404. 

^ Zeitschr.j, angew. Chem,, 1906, 286. 
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that Koni^ and Schlmhibier ^ have proved that the feeding of pigs with 
sesain^ cake produces fats which give the Baudouin reaction distinctly. 

In all those cases where butter is suspected of having been adulter- 
ated with margarine containing vegetable oils, the phytosteryl acetate 
, test alone is sufficient to solve the problem. The only difficulty arises 
when animal fats alone have been employed for adulterating. As the 
manufacture of such animal fats is not subject to the compulsory addi- 
tion of sesame oil, it is obvious that here the sesame colour reaction 
offers no assistance whatever. The adulterator has used this looph(^e 
‘ to the full, and has brought into commerce butter adulterants consist- 
ing of animal fats only. The analyses of some such adulterants, which 
are sold under fancy names (“ lardine,” “ butter improver,” etc.), have 
been given above (p, 813). 

In case adulteration with these animal fats has taken place none 
of the foregoing “ rapid ” methods, nor, indeed, all of them together, 
and not even the phytosteryl acetate test will be able to prove that an 
adulteration has taken place. Certainty can only be obtained by thtf 
further examination of the insoluble fatty acids. The author has 
commenced an examination of this kind, of which the outlines only can 
be given in the present incomplete state of the investigation. In the 
first instance the amount of stearic acid should be determined. Butter 
fat contains an insignificant amount of this acid, the author having 
obtained no more than 0-5 per cent. As oleomargarine yields about 
20 per cent of stearic acid, and lard may yield up to 26 per cent, even 
small admixtures of beef fat or lard should be detectable. The author 
has further found that the determination of arachidic acid on the one^ 
hand and myristic acid on the* other will prove of considerable assist- 
ance. In an investigation of this kind the “ crude stearic acid,” as 
obtained by the process described Vol. L Chap. VIII., must not be 
looked upon, without further investigation, as being actually stearic 
acid. In some cases genuine butter fats gave, under the conditions 
described Chap. VIII. , precipitates which might in a superficial ex- 
amination have been judged to be stearic acid, whereas further investi- 
gation has shown in each case that a mixture of arachidic acid with 
myristic acid or a mixture of stearic, myristic, and arachidic acids 
was present (cp. also Chap. VIII.). 

Should these investigations which the editor now has in hand not 
lead to at satis^ctory result, the method of fractionally distilling the 
methylesters of the fatty acids (see Vol. 1. Chap. XII.), although more 
laborious, may lead to decisive results (cp. also cocoa nut oil, p. 641). 

Special colour reactions ^ for vegetable oils are hardly required in 
the examination of butter fat, and should only be used as corroborative 
tests. It should, however, be remembered that a positive Halphen 
test given by a butter fat 4oes not prove the presence of cotton seed 
oil, since the chromogenetic body giving the Halphen reaction passes 
into the milk fat of cows fed on cotton seed cake. 

^ Zeits. f. Vnters, d, Nahrgs- n. Gemssm., 1908, xv. 642. 

• Cp. Lndwig and Haupt, Zeits. /. UtUers. d. Nahrgs- u. ihnussm., 1907, xiii. 605 ; 
Merl, ibid., 1908, xv. 529. 
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Since the critical temperature of dissolution (Vol. I. Chap. V.) has 
been .embodied by the Belgian Government amongst the official tests 
of butter fat, the following numbers may be added to those given 
already Vol. I. Chap. V. * 


Critical Temperatures of Dissolution (Crismer) 


• 

With Alcohol 0 79(17 Specific Gravity ^ 

(containing 0 9 per cent of water), at I,*) 5“ C., t 
in Open Tube. 

With Alcohol 

0 819.'') (S 86 per 
cent of water), at 
1.6 6“ C , in 
Sealed Tube. 

Difler- 

ence. 

Blitter 

a 

h 

c 


e 

J 



1 

54 ‘8 

54-8 

54-8 

54 6 

54-3 

.53*8 

100 5 

45-7 

2 

54-5 

54-5 

54-5 

54 2 



100 -5 

46 

3 

57 

57 

57 




103 

46 

4 

54 

54 



•"Ik 


100-5 

46 

5 

50 

50 





105 5 

45-5 

6 

56 






102-5 

46 

7 

56-6 

52-2 





102-5 

46 

8 

52 

52-4 

.56-5 

52-4 

51 2 


98-2 

45-7 

Margarine and 









Mixtures 









1 

78 

78 

... 




124 

46 

2 

72-2 

72'2 





118 • 

45-8 

3 

72-5 






118 

45-5 

4 

78 






123-8 

45-8 

5 

69 






115 

46 0 

6 

63-8 






109 

45-2 

Maize oil 

1 

70 '6 









Jt is curious to note that in the case of a rancid butter the number 

of c.c. of KOH required to neutralise 2 c.c. of butter fat (dissolved 

m 20 c.c., of absolute alcohol), when added to the figure representing 
the critical temperature of the acid butter, gives approximately the 
critical temperature of the neutralised butter.^ 


No. ot Saiiijiles. 

a 

Mean Critical 
Tempeiatiiro of 
Add Butter. 

'’C. 

b 

c.c. of iionual 

Alkali required 
for 2 c.c. 

c 

Critic.il 

Temperature of 
NeutrillHed 
Butter. 

^C. 

d 

Difference. 

* c-a. 

3 at 80-90° C. 

14 at 90-96° C. 

' 69 at 96-102° C. 

1 17 at 102-106° C. 

88-5 

1 93-5 1 

99'12 

103-9 

7-6 

4-8 

1-2 

1-0 

f 

96-4 

9R-2 

101-7 

7-9 

4-7 

2-6 


Ewers ^ states that this test is practically useless. 

^ Bull, de V Amc. Belge*tles Chimistesy 1897 (10), 453 ; Analyst^ 1897, 158. 
^ Milchw. Zentralhl.y 1910, i. 164. 
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A large number of tests based on tbe behaviour of butter with fat 
solvents are omitted here as being entirely useless.^ Since^ however, 
Valenta's test, Vol. L Chap. V., is still to gome extent in vogue as a 
preliminary test, it may be described in* the form employed by Allen : ^ 

^ 3 c.c. of the melted fat are poured into a test-tube, an exactly equal 
measure of glacial acetic acid is added, and the contents of the tube 
heafed until complete solution takes place on agitation. The liquid is 
then allowed to cool spontaneously whilst stirred with a thermometer, 
and the temperature observed at which the solution becomes turbM. 
The turbidity templfe-tures found for genuine butter fats were from 
56°-61-5° C., whereas those for margarine were 98°-100° C. 

Jean does not regard the turbidity as a criterion, but estimates 
the volume of acetic acid dissolved % the fat (Vol. L Chap. V.). 

Som^of his results are subjoined in the following table : — 

p.x Acetic Ackl dissolved. 

Per cent. 

Pure butter ..... 63-33 

„ „ with 10 per cent of cocoa nut oil 60-66 

„ „ » 15 „ ,> - 90 

» » „ 28 „ „ . 96 

It may be useful to describe here briefly the results obtained by 
the cryoscopic method devised by PailheretA ' This observer uses pure 
crystallisable benzene as a solvent, and lays stress on its freedom from 
thiophene. The temperature readings aro .taken from a delicate ther- 
mometer by means of a microscope. The solvent and the fat are^ 
weighed directly. Pailheret calculates the coefiicient with the aid of the 
following formula : — If C equals the difference between tlic freezing 
point of the solvent and the freezing point of the solvent containing 
the fat, and P equals the weight of fat in 100 grms. of solvent, then the 
C 

coefficient A = p. For dilute concentrations the variations of A are 

very marked. Where the concentration reaches 18-22 per cent the 
coefficient, however, becomes constant. For these concentrations A = 
0*0885, whereas for margarine for the same concentrations A =0-0764. 
This method can at best be used only as a “ sorting test,” and cannot 
in any way supersede the quantitative reactions. 

* For tlv". metl^d of detecting adulteration by means of the solubility 
of the barium and magnesium salts, the original paper by Ewers ^ 
must be consulted, all the more so as Amherger ^ states that the milk 

^ Hoton {Bull, Soc. Chim, de Belgiqw, 1904 (18), 147 ; Reirue intern, des falsific.^ - 
1906 (19), 116) sliawed that the solubility of butter in glacial acetic acid i.s not 
influenced by a larger or smaller proportion of glycerides of volatile acids. 

2 Commercial Organic Analym^ ii. 164. 

^ Bull, Soc. Chim., 1909, 425. *Op. also Qarelli and Carcano (Benzene), Staz, sperim. 
agrar.f 1893, 77 ; Partheil, Arch. d. Phann,, 239, 358 ; Peschges, Arch. d. Pharm., 
289, 868 ; Pouret, Bull. Soc. Ohim., 1899, iii. 21, 738 ; Quartaroli (Acetic acid), Staz. 
sperim. agrar.^ 1904 (37), 18 ; M. Raffo and G. Foresti, Oazz. chim. ital, 1909 (39), 
ii. 441. 

f * MUchw. Zentralbl., 1910, i. 164. > 

® Vnten. d. Nah/rgs- u. Qemmm., 1911, xxi, 598. 
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yielded by cows at the end of the period of lactation, and particularly 
that from cows fed on cocoa nut cake, showed by Ewer^s method 
apparent adulteration with 10 per cent or even more of other fats. This 
method, as also that of Fehdler^^ has been criticised by Polenske? 

With regard to a number of other methods, such as viscosimetric,® 
calorimetric,* and microscopical® examination, the reader must be 
referred to the original papers, as these methods have very little 
practical importance in the examination of butter fat, and *are 
decidedly inferior to those described on the preceding pages. 


STAG FAT 

. French — Graisse de cerf. German — Hirschtalg. 

Italian — Sego de cervo. 

A specimen of the fat from Cervus elaphus examined by Klimont 
and Meisl ^ yielded, on repeated crystallisation from acetone, needles 
melting at 62*5 to 63-5*^ C., which they identified as palmitodistearin. 

The specimen examined by Amthor and Zink ’ had tlie aci^ value 
3-5 in the fresh state, and 5*9 after keeping for one year. 


Physical and Chemical Characteristics of Stag Fat 








Refi active 





Saponin- 

cation 

Value. 



Index. 


Hpcntle 

Solidifyiuj^ 

Melting 

lodint 

Reichert 



(havity. 

I’omt. 

I’omt 

Value. 

Value. 

Biityro-re- 

fractoineter. 








“ Degiees.” 

Obsei'i et. 

At 1.0 ’C. 

'C. 

“C. 

M grins, 
KOll. 

IVr cent 

c.e. 

norm. 

KOH. 

At 40° C. 


0'9G70 

39-40 

51-52 

199-9 

26-7 

1-66 


Amthor 

48 

#49-49-6 


20-6 


4^5 

and Zink 
JJeokurts * 








and Oelze 

0-9066 

47-5 

48-0 » 

203-6 

19-3 



Klimont 

(at 50°) 







and Meisl 




1 

. 


. 




1 Zeitschr.f. ofentL Chem., 1910(16), 152. 

Arb. a. d. Kais. Oesundheilsamt, 1911 (38), 408. 

^ Killing, Jour7i. aVoc. Chem. bid., 1896, 198 ; Render, Jotirn. Amer. Chem. Soc., 
1895, 719. also White and Twining, Joum. Ind. and Eng. Chem., 1913, 668. 

^ Joiirn. Soc. Chem. bid., 1896, 660, 

® Ingres, Revile intern, des falsijic., 1906, 19, 169. • 
c Monatsh.f. Chem., 1913, 1489. 

^ Zeitschr.f. analyt. Chem., 1897, 4. 

« Arch. d. Pt^rm., 1895 (‘iBS), 429. 


® Pohl’e method. 
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Physical and Chemical Characteristics of the Insoluble Fatty Acids 


Specific 

j Solidify- 

Melting 

Neutra^isatidli 

Iodine 


Gravity. 

I ing Point. 

Point. 

Value. 

Value. 

Observer. 

Atli'C. 

; -c. 

; 

“C. 

Mgrras. KOH. 

Per cent. 


()-9fi85 

46-48 ; 

60-52 

201-3 

23-6 

Amthor 






and Zink 


! 

49-5 



Beckurts 


* 




and Oelze 


Lesser known animal fats, see table on opposite page. 


B. WAXES 
I. LIQUID WAXER 

Two representatives only of this class are known, viz. sperm oil and 
Arctic sperm oil. As regards origin, smell, taste, and some colour 
reactions, they are in many respects very similar to blubber oils ; so 
much so, that some writers classed thenfi with the latter oils. On 
account of their different chemical composition the author separated* 
them from the blubber oils, ancf this classification has now been adopted 
generally. 

The li([uid waxes contain fo glycerides ; ^ they consist chiefly of 
compound esters of fatty acids and monovalent alcohols. They yield, 
therefore, on saponification, large quantities of “ unsaponifiable mattci*.” 
This characteristic readily serves to distinguish the lii^uid waxes from 
all other fixed oils. Whereas most fatty oils yield 95 per cent of fatty 
acids, the liquid waxes contain only from 60 to 65 per cent, the remaining 
40 to 35 per cent being made up by monovalent aliphatic alcohols. 

The liquid waxes are further readily distinguished from the fatty 
oils by their low specific gravities. It is notable that their viscosity 
is much less influenced by variations of temperature than is the case 
with fatty oils. 

The liquid waxes absorb very little oxygen from the atmosphere, 
and therefore do not dry. On treatment with nitrous acid they give 
a solid or butter, like elaidin. 

Some of the (fatty) blubber oils contain notable quantities of waxes, 
forming, as it were, a gradual transition from pure glycerides (seal oil) 
to the true liquid waxes. 

^ This assertion may require qualifying, for if the statements of F."niller and of 
Dunlop (see p. 886) be confirmed, some sperm oils would appear to contain from 13 to 
* 26 per cent of glycerides. » 
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SPERM OIL 

French — Huile de cachalot ; Huile de spermaceti. German — Walratdl ; 

Pottwaltran. ^ Italian— 0/io di spermaceti. 

For tables of characteristics see p. 868. 

Sperm oil is obtained from the head cavities and from the blubber 
of the sperm whale, or cachalot, Physeter macrocephalus, L. On “ try- 
irig ” (cp. “ Whale oil,’’ p. 456) the sperm whale on board ship, the hkd 
ai^ body blubbers are kept separate, since the oil from the head is 
worth more than that from the body.^ The oils obtained from the head 
matter and from the body blubber differ considerably in appearance. 
The former oil, wlien ffrst taken from the head of the wliale, is clear and 
limpid “ brain oil,” but after a short time thickens and hardens to a 
white mass. The latter (body oil) is, in its fresh state, a light straw- 
coloured oil. The oils are kept separate on board ship, but when re- 
ceived at the refineries they are generally mixed in their natural pro- 
portions, viz. one-third head oil and two-thirds body oil, and together 
submitted to the processes for separating the oil from the spermaceti. 

Sperm whales yield from 5 to 145 barrels of crude olK ; the average 
yield for thfe cows is about twenty-five to thirty, and for the bulls 
seventy-five to ninety. (Each barrel weighs about 230 lbs.) 

In the refineries the crude sperm oil is allowed to stand in refrigerating 
(diambers from ten to fourteen days at a temperature of 32° F. The 
partly solidified mass is then subjected to hydraulic pressure. The 
clear oil thus obtained is known as “ winter sperm oil ” ; it will not 
congeal at 38° F., which is at present the usual commei'cial standard, 
oils of 32° or 23° F, “ cold-test ” have qJso been prepared. The tend- 
ency is to produce oils of somewhat high cold-tests, since the lower the 
temperature at which the congealed oil is pressed the smaller is its yield. 
The amount of “ winter sperm oil ” of 38° F. “ cold-test ” is about 75 
pei’ cent of the crude oil. When 32° F. “ cold-test ” was the commercial 
standard, the yield of winter sperm oil ” was about 67 per cent. The 
“ winter sperm oil ” is usually bleached. 

After the “ winter sperm oil ” has been pressed out, there remains 
in the press-bags a solid mass of brownish colour, which is again sub- 
mitted to pressure at a higher temperature (about 50° to 60° F.), whereby 
the oil known as “ spring sperm oil ” is obtained. This congeals at 
50° F. to 60° F. The quantity of “ spring sperm oil ” is about 3 per cent 
of the crude oil. ^ 

The press-cakes are stored for several days at a temperature of about 
80° F., and in the course of a week are trimmed by revolving knives 
and again submitted to a high pressure in hydraulic presses. Thereby 
a third grade of oil, “ taut-pressed oil,” is obtained, which solidifies at a 
temperature of 90° to 95° F. The quantity of oil of this grade is about 
5 per cent of the crude oil, so that from tlie crude sperm oil a total of 
89 per cent of refined oil is obtained. The residue in the press-cloths is 
crude spermaceti of a brown colour, which melts at a temperature of 
110° to 115° F. 

^ About one to two cents per gallon. 
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The following statistiotf data have been published by the United 
States Government 
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Year. 

Total production. 

f 

Rxports. 

Barrels 
(230 Iba.). 

Barrels 

(230158.). 

< 1860 

78,708 

82,792 

1861 

68,932 

87,547 

1862 

65,641 

27,970 

1863 

65,065 

18,366 

1864 

64,372 

45,000 

1865 

• 33,242 

20,168 

1866 

86,663 

10,630 

1867 

43,433 

26,147 

1868 

47,174 

18,916 

1869 

47,936 

18,646 

1870 

65,183 

22,778 

1871 

41,534 

22,166 

1872 

46,201 

24,344 

t 1873 

42,053 

16,238 

1874 

32,203 

18,675 

1875 

42,617 

22,802 

1876 

39,811 

23,600 

1877 

41,119 

18,047 

1878 

43,508 

82,769 

1879 

41,308 

11,843 

1880 

37,614 

12,283 

1881 

30,600 

16,600 

1882 

29,844 

13,006 

1883 

24,595 

13,996 

1884 

22,p99 

6,143 

1885 

24,203 

7,664 

1886 

23,312 

3,118 

1887 

18,873 

4,955 

1888 

16,!:65 

1,346 

1889 

18,727 

5,823 

1890 

14,480 

2,000 

1891 

13,015 

3,218 

1892 

12,944 

1,787 

1893 

15,253 

1,166 

1894 

16,333 

1,720 

1895 

16,685 

1,226 

1896 

15,124 

215 

1897 

16,050 

280- 

1898 

12,520 

1,962 

1899 

11,903 

660 

• 1900 

18,525 

1,100 

1901 

' 14,910 


1902 

21,970 

*470 

1903 

18,109 


1904 

17,050 


, 1905 . 

12,985 

... 

1906 

16,966 

515 

1907 

18,490 


1908 

•14,076 


1909 

16,756 

4 

1910 

18,078 

1 

1911 

21,916 


1912 

17,495 
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Refined sperm oil is a pale yellow, thin oil, ^almost free from odour. 

, Hoffstd^'s statement that sperm oil contains glycerides has been 
shown by Allen and by the^fiuthor to be erroneous. Possibly Hoffstdfter ^ 
examined an oil mixed with poipoise oil, since he found in his specimen 
valeric acid as well as glycerol. 

More recently, however, Fe'ndler ^ detected in a genuine sperm oil 
still containing spermaceti and having the saponification value of 
150-3, 1-32 per cent of glycerol (confirmed by the acrolein test).’ It 
wll be noted that the saponification number of this sperm oil is extremely 
high, higher than any numbers recorded by previous observers. Some 
Japanese sperm oils also appear to give high saponification values, 
and the author found in a brain oil from Japan the saponification 
value 150-5, and in a “ skin ” oil, also from Japan, the saponification 
value 137-1. These samples yielded 1-87 per cent and 2-30 per cent of 
glycerin respectively. Dunlop ^ also states that he found in a sperm oil 
from the body and in two oils from the head the following percentages 
of glycerol *(by means of the acetin method) : — 1-36, 1-53, and 2-51 
respectively. The saponification values of these oils were, in the same 
order, 122-0, 140-2, 144-4. He only states that the samples were 
obtained from “ reliable sources.” 

The sperm oil fatty acids, a few characteristics of which a^e given 
p. 868, appear to belong to the oleic series, as is shown by their iodine 
value, and by their property of yielding elaidin with nitrous acid. The 
nature of the acids is as yet unknown. Hoffstatter's earlier statement 
that the fatty acids consist chiefly of physetoleic acid stands in need of 
^confirmation. Bull isolated from two specimens of sperm oil 7 -53 per 
cent of liquid fatty acids, which had* respectively the neutralisation 
values 183-4 and 187-9, and the iodine values 130-3 and 159-5. 

Fendler found in a specimen of sperm oil, still containing spermaceti, 
14-22 per cent of sohd and 85-78 per cent of liquid fatty acids. The 
solid acids melted at 32-2'^ C. and had the neutralisation value 242-6. 
The liquid fatty acids had the neutralisation value 228-7 and the iodine 
value 75-6. An attempt to resolve the liquid fatty acids into different 
fractions by distillation under diminished pressure did not lead to 
definite results. The highest iodine value (fraction No, 4) was 92-0. 
The following table reproduces Fendler' s results : — 


Fraction 

No. 

Boiling 

Point. 

'C. 

Pressure 

(mm.). 

Approximate 

Yield 

(c.c. 

from 100 c. 

Iodine 

Valuft 

Neutralisa- 
tion • 
Value. 

Mean 

Mmecular 

Weight. 

1 

165-185 

25 

8 

48 '6 

274-8 

204-4 

2 

185-200 


30 

75-3 

266-5 

218-9 

3 • 

200-210 


10 

87-7 

• 241-7 

232-3 

4 

210-220 


10 

92-0 

230 '4 

243-8 

5 

220-225 


10 

i)0-0 

223-4 

251-4 

6 

225-235 


6 

90-8 ' 

218-9 

256-6 

7 

236-250 


6 

78-3 

213-7 

262-8 

8 

260-260 

60 

4 

91*6 

205-7 

273-0 

9 

260-266 

n 

10 

89-3 

196*4 

287*4 


Lisbig’s Annal., 1854, *91, 177. * Ohm. Zeit., 1905, 665. 

, * Jown, SoCt Ohem, Ind., 1908, 63, 

3k 
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The fractions were liquid at the ordinary temperature ; only the 
three last fractions show^ signs of crystallisation at the temperature 
of the freezing point of water: 

Wdlker and W(whurton ^ obtained iti the author’s laboratory from 
two specimens of sperm oil 2-5 and 3‘7 per cent respectively of ether- 
insoluble brominated glycerides (Vol. 1. Chap. VIII.). The insoluble 
fatty acids gave in the bromide test 2-06 per cent of ether-insoluble 
brominated acids. Procter and Bennett ^ obtained as much as 6-3-6*6 per 
cent of ether-insoluble bromides. These high figures were not confirmed 
by Dunloji, who found, in good agreement with the results obtained by 
Walker aW Warhurton, !• 13-2-3 per cent ether-insoluble brominated acids. 

The author obtained from two samples of Japanese skin oil 2-25 
and 1-06 per cent of insoluble brominated fatty acids, and frOm two 
samples of Japanese brain oil 1-12 and 0-63 per cent respectively. ^These 
bromides behaved like clupanodonic octobromide in the melting point 
test, 

Lewkowitsch ® found the acetyl values of three samples t)f northern, 
“ northern best,” and southern sperm oil, 4-49, 6-43, and 6*25 respect- 
ively. 

The nature of the alcohols of sperm oil is also unknown. The 
author .^ tried to resolve the mixed alcohols into their several con- 
stituents by fractional distillation of both the alcohols themselves and 
of their acetates, but hitherto these experiments have not led to any 
definite result, beyond proving that neither dodecatyl nor pentadecyl 
alcohol is present, and that the sperm oil' alcohols belong for the most 
part, if not wholly, to the ethylene series, the higher members of whicl\ 
have been hitherto unknown. 

This will be readily seen from the following table, giving the saponi- 
fication values of the acetates of the five fractions into which the total 
amount of acetates were resolved, and the iodine values of the corre- 
sponding alcohols themselves. For the sake of comparison the theoretical 
numbers are given for alcohols, the presence of which might be expected. 


Alcohols from Sperm Oil. 

Saponiflc. Value of 
Acetate 

Iodine Value of 
Alcohol 

1 st fraction 

190-2 V 

46-48 

2 nd ,, ... 

183-8 

63-80 

3rd „ ... 

180-7 

69-80 

4th „(• * • ^ • 

174-4 

81-80 

6 th ,, . ' . 

161-4 

84-90 

Alcohol CigHjjO (unknown) 

199 

106-6 

It CjsHjjO (unknown) 

180 

94-8 

It P 20 H 40 Q (unknown) 

166 

85*8 


On heating ^ with soda dime the alcohols were for the most part 
converted into^ fatty acids, only 4-6 per cent of unchanged alcohol 
being recovered ; these crude fatty acids had the acid value 181*7, and 
melted at 38°-40'’ 0. 

^ Analyst, 1902, 237. Joum. Soc. Chenu Ind., lOOf', 798. ^ Analyst, 1899, 821, 

^ Lewkowitsch, Journ, Soc, Ohm. Ind,, 1892, 184. * Ibid,, 1896, 41. 
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A more recent examination by the usual methods (Dunlop) led to 
the following numbers ; — • 
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Physical and Chemical Characleristies of Alcohols {Unsaponifahle 
Matter) 


% 


Solidifying Point. 

• 

Melting Point. 

Iodine Value. 

♦ 

*a 

Observer. 

*0. 

Observer. 

Per rent 

Observer. 

2«.23‘4 

Lewkowitsoh 

25 *6-27 ’6 

Lewkowitsch 

64 6-66*8 

Lewkovvitiich 


Oommercial sperm oil contains pnly small quantities of free fatty 
acids. In the following table a few numbers aje recorded : — 


No 

sperm Oil 

Free Fatty Acid',, 


as Oleic Acid 

Observer. 



Per cent 


1 

Best quality, cold bagged 
Second, hot pressed” . 

1*46 

Deering 

2 

2*11 

8 

Intermediate quality 

0*76 


4 

Oil of eood quality 

Oil of doubtful quality . 

in M ti • • 

2*11 

0*65 

„ • 

6 

1-21 


7 

Oil of bad quality . 

2*06 


8 

♦> »» ... 

2*64 

Thomson and 




Ballantyne 


• ■“ 

Sperm oil is a valuable lubricating oil for spindles and light 
machinery, on account of its slight tendency to “ gum/* and because the 
viscosity does not decrease so rapidly wkh the increase of temperature 
as is the c&se with other lubricating oils (see Vol. III.), A sample of 
sperm oil examined ilf the writer’s laboratory required in Redwood's 
viscosimeter 146'5 seconds at 70® F. (cp. also Vol. I. Chap. V.). 

The comparatively high price of sperm oil invites adulteration with 
fatty oils or hydrocarbon oils. The detection of these adulterants is 
an easy task. Admixture with Arctic sperm oil, the physical and 
chemical characteristics of which are almost identical with those of 
sperm oil, is, however, very difficult to detect. ^ 

The specific gravity of sperm oil being very low, a hi|h density of a 
sample would point to the presence of fatty oils. Mineral oils of the 
same specific gravity cannot of course be detected by the determination 
of this characteristic. However, a mixture of fatty oils with hydrocarbon 
oils, to meet the specific gravity, would require oils of 3b low a specific 
gravity that the flash point of the resulting oil would be very low indeed. 
The flash point of sperm oil lies in the neigh*bourhood of 450® F. 

The low saponification value of most specimens of sperm oil obtained 
until recently, furnished a ready means of detecting added fatty oils, 
such as rape oil, blubber oils, etc. As, however, a judiciously added 
quantity of mineral oil may compensate the increase of the saponifica- 
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ilon value due to this cause, an oil of apparently^ normal saponification 
iralue may result. In fact, Lohry de Bruyn ^ has thown that oils occur 
n commerce consisting of a mixture of sperm, blubber, and mineral oils, 
[t should, however, be noted that FeMer/B,s also Dunlop^ found the 
jxceptionally high saponification values 160-3, 140-2, and 144-4 for 
genuine sperm oil, The saponification value alone cannot, therefore, 
}e considered as finally proving the purity of the sample. 

»The presence of notable amounts of hydrocarbons can be proved 
vith certainty by examining the unsaponifiable matter by means of 
acetic anhydride, ^ as detailed Vol, I. Chap. IX. The estimation of ftie 
amount of glycerol and calculation therefrom to fatty oil would seem 
to be no longer admissible, since Fendhr and Dunlop found notable 
amounts of glycerol in^ sperm oils looked upon by them as genuine 
(cp. footnote, p. 862). # 

Colour reactions are hardly required in the examination of sperm 
oil. The colour test with sulphuric acid can no longer be accepted as 
an absolute proof of the presence of liver oils, since within the last few 
years sperm oils of undoubted purity have been coming on to the market 
which give positive reactions. The readiest way to detect liver oils is 
to determine the iodine value of the sample and the yield of ether- 
insoluble brominated fatty acids. 


AROnO SPERM OIIr~BOTTLENOSE OIL 

French — Huile de rorqual rostrL German — Doglingol^ Entenwaldl. ^ 
Italian — Olio di spermaceti artico. 

For tables of characteristics see p. 873. 

t 

Arctic sperm oil is chiefly obtained from the bottlenese whale, 
Hyperdodon rostratus and H, diodon (hidens). principal places 
where these species are caught are along the edges of the ice-fields of 
Northern Europe, between Bear Island and Iceland, Like the sperm 
whale the bottlenose whale contains in the cavity of the head a certain 
amount of oil which yields spermaceti. The quantity of crude oil 
obtainable from the bottlenose whale varies from 4 to 12 barrels, averag- 
ing about 8 barrels. The oil is usually “ tried ” out on board ship. 
The blubber isf. sometimes kept until the oil runs out spontaneously, 
when the oil naturally acquires a dark colour and becomes slightly 
hydrolised. Such an oil, afte^ removing the spermaceti, of which it 
contains about 10 per cent, must then be refined with soda before it is 
fit for use as lubricating oil. The blubber oil is, as a rule, darker in 
colour than sperm oil ; but the deodorised Arctic sperm oil of com- 
merce so closely simulates sperm oil, that it is practically impossible to 

^ Journ. Soc, Chm. Ind.^ 1894, 42S. 

* Absolute alcohol must not be used for the detection of mineral oil in the alcohols, 
M an ethyl alcoholic solution of the sperm alcohols, even if spirit of 0-8846 specific 
^ gravity be used, is capable of holding considerable quantities of ihineral oil in solution 
(cp. Nash, Analyst, 1904, 3). 
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distinguish the two oils by mere chemical examination, In the elaidiJ 
test Arctic sperm oft yields a much Softer elaldin than sperm oil. 

In commerce, howeveV, th^se two oils are readily distinguished by 
their taste. On account of its moye pronounced tendency to “ gum,” 
Arctic sperm oil is lower in price than sperm oil. • 

ScharUng^ writing in the year 1848, states that Arctic sperm oil is 
the dodecatylester of doeglio ^ acid. It hardly needs pointing out •that 
this statement requires confirmation. In a more recent examination 
iull obtained from two specimens of Arctic sperm oil 6-07 per cent 
and 3*65 per cent of fatty acids, which had the neutralisation values 
164-6, 196 (?), and the iodine values 125-6, 121*2 respectively. The 
iodiij^ values of these acids are lower than^the iodine values of the 
corresponding acids obtained from sperm oil, whereas, considering the 
more pronounced gumming properties of Arctic sperm oil, the reverse 
would have been expected. Lewkowitsch ^ found the acetyl values of , 
two Arctic sperm oils 6*36 and 4-12. 

The amount of free fatty acids in two samples of Arctic sperm oil 
examined by Deering, and Thomson and Ballantyne, was 2-11 and 
1-97 per cent respectively. Bull found in two specimens 0-9 and 3-4 
per cent of free fatty acids. 

With regard to the flash point of the oil see Vol. I. Chap. 

A more recent examination, by the usual methods, of two specimens 
of Arctic sperm oil (Dunlop gave the following numbers : — 


^ Bull ia of the opinion that “ (loeglic acid ” is a mixture of oleic and gadoleic acids. 
• fierichte, 1906, 3570. 

Analyst, 1899, 321. * » Journ. Soc. Chan, hul., 1908, 03. 
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Refractive Index. 

Oleo-refractometer. I 

t 

0 

Archbutt 

and 

Deeley 

Q 

• 

« 

H 

xD 

a 

a 

1 

Observer. 

Archbutt 

Allen 

Specific. Temp. 
Reaction. 

93 [ Thomson 

j and 

1 Ballantyne 


42 

41-47 

Alcohols- ' 

Observer. 

Allen 

Thomson 

and 

Ballantyne 
Lewko- 
witsch ^ 

Archbutt 

and 

Deeley 

Bull 

Per 

cent. 

i 23 1 OT <31 , c 

W CO CO CO CO 

Insoluble Fatty 
Acids. 

Observer. 

Allen 

Per 

cent. 

! 

<0 

Reichert Value. 

Observer. 

Allen 


» 

Iodine Value. 

Observer. 

Mills and 
Akitt 
Archbutt 
Thomson 
and 

O' 

bFi 

Per 

cent. 

© 01 01 
j;; <» (>3 cO 1- 

<£> 

> 

1 

8 

S 

'5 

1 

Observer. 

Deering 

Arch butt 

Thomson 

and 

Ballantyne 

Lewko- 

Avitsch 

9 
« 

10 

ss 

iw 


Specific Gravity. 

Observer. 

BuU 

Liewko- 

w’ltsch 

Thomson 

and 

Ballantyne 

Allen 


ill i 

o 6 o 6 

d 

< 

\5 

15 5 

98-99 

(water 

15-5=1) 



GalenUted from the bromine ralaeu 
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Physical an4 Chemical Characteristics of the Alcohols (Unsaponifiable 
^ Matter) 


4 


■ 

Solidifying Point 

• 

Melting Point 

Iodine Value. 

•0. 

Observer. 

•0. 

Observer. 

Per cent 

Observer. 

21*7-22 0 

Lewkowitsch 

23 •5-26 ’6 

Lewkowitsch 

64 *8-65 '2 

Lewkowitsch 


The change which Arctic sperm oil undergoes on blowing with air 
is detailed in the following table, due to Procter ard Holmes ^ : — 


Hours. 

Specific Gravity. 

Refractive Index. 

Iodine Value. 

0* 

0-885 

1-4670 

80-0 

8 

0-887 

1-4672 

76-0 

6 

0-887 

1*4672 

76-0 

9 

0-887 

1*4673 

76-0 

12 

0-887 

1*4678 

74 0 

15 

0-888 

1-4676 

74-0 

18 

0-890 

1-4676 

73-0 

21 

0-891 

1*4677 

71-0 

24 

0-892 

1-4677 

71-0 


IL SOLID WAXES 
1. VEGETABLE WAXES 

Vegetable waxes (the exudations of plant leaves) seem to be widely 
spread over the vegetable kingdom, though they mostly occur in small 
quantities. With the exception of carnaiiba wcx, flax wax, gondang 
wax, and pisang wax, the nature of these waxes [opium wax (Chap. I, 
“ Waxes ”),"palm jvax, getah wax, ocotilla wax, cotton seed wax, sugar 
cane wax,® esparto wax, etc.] has been but little studied (cp. also 
l^tard, La Biochemie et les chlorophylles). , 

A specimen of chlorophyll wax ” (the wax accompanying chloro- 
phyll) examined by«»the a^ithor melted at 73° C., and was found to consist 
entirely^ of “ unsaponifiable matter representing higher alcohol. 

1 Journ, Soc. Ch^m. Ind„ 1906, 1287. , 

* It is stated that 1 ton of sugar cane yields 1 lb. of wax, which is described m 
melting at 82" C„ solidifying at 80" C., and having the specific gravity 0‘961. The 
chemical composition of sugar cihe wax is unknown, and the stat^ent made by earlier 
writers that it consists of a saturated alcohol of the formula C 24 H 5,)02 (‘ cerosin ) stands 
in ‘heeS of confirmation. r 
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On boiling with acetic anhydride it gained 6*3 per cent m weight! The 
saponification value of the acetate was 134*6. The recovered alcohol 
melted at 79-80° C. and had the iodine value 6*8. * 

• 

With regard to Montan Vax (Lignite Wax), Sea-weed Wax, and 
Peat Wa3^ cp. Vol. Ill, “ Candle Manufacture.’* 


OARNAtJBA WAZ 

French— CiVe de carnavba, German— Carnaii6aw?ac^5, Cearawachs. 

Italian — Gera di carnauba. 

For table of characteristics see p. 877. 

Carnauba wax is exuded by the leaves of Corypha cerifera, Virey 
(Copernicia cerifera, Mart.), a palm indigenous to tropical South 
America.^ This palm occurs in the States of Bahia, Pernambuco, Eio 
Grande do Norte, Piauhy, Ceara, Maranhao, and Matto Grosso. It is 
especially plentiful in the province of Ceara, Brazil. The wax is 
gathered during the months of September to March by pulling off the,, 
leaves befofe they have fully opened and drying them for tW6 or three 
days in the sun. During these six months the leaves can be cut twice 
a month, a good worker cutting about 1600 leaves per day. About 
2000 to 4000 leaves axe required to produce 16 kilos, of wax. The 
white powdery mass covering the surface of the leaves is first brushed 
off, then scraped off, and thrown into boiling water. After fifteen to 
twenty minutes the wax collects on the top as a dough-like mass, and is 
taken off after cooling. 

The crude wax, as obtained from the plant, is di?ty greenish, or 
yellowish it is very hard, and so brittle that it can be readily 
powdered. 

The chief ports from which crude carnauba wax is shipped to Europe 
are Ceara, Pard, Parangud, Pernambuco, Eio de Janeiro, and St. Luiz 
de Maranhas. The chief places of import in Europe are Hamburg and 
Liverpool. Considerable quantities are also shipped to the United 
States. The total exports from Brazil are given in the following 
table ; — 


Year. 



KUos. 

• 

(Paper) Mllrela. 

1905 

1,896,767 

3,291,126 

1906 

2,659,247 

1 6, 31^078 

1908 

2,692,027 

3,871,849 

1909 

! 3,041,683 

4,067,499 

1910 

2,680,986 

4,308,819 

1911 

3,214,162 

5,866,606 

1912 

i 3,099,102 

i 

6,460,681 


Cp.^Brande, PhUos. Trans,, 1811, part ii. 
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During the |;rBt aix months of 1913 the exports from Brazil reached 
the'^ord fi^e of 2403 metric tons, valued at £266,000. 

TWprices of CMnaiiba wax are subject to great fluctuations, as 
the sSaail* qjiantities produced lend themselves readily to market 
speculations. 

f The crude carnaiiba wax is refined by remelting over ^ater and 
removing the dirt. In the trade the following qualities are differenti- 
ated : . “ yellow , flor, yellow prime, yellow medium, grey fafty, and 
chalky.” These two latter names correspond to the German “ Fett- 
grau ” and “ Kurantgrau.” Some quahties are bleached by filtering • 
over bleaching earth, etc., and yield the “ yellow carnaiiba wax ” of 
commerce. It should, however, be noted that in order to facilitate the 
process of bleaching, the carnaiiba wax is always mixed with a certain 
amount of paraffin wax. *This of course lowers the melting point, 
hence the bleached carnaiiba wax of commerce is much softer than 
genuine carnaiiba wax, and melts at about 60° C. Bleached com- 
mercial carnaiiba wax rarely has a higher melting point than 74° C., 
which would correspond to about 6 per cent of added paraffin wax. 
When the percentage of paraffin wax is high the bleached commercial 
wax is almost white. Some makers melt ceresin with the crude carnaiiba, 
and use bichromate of potash and sulphuric acid as bleaching agents. 

Carnaiiba wax dissolves completely in ether and in boiliig alcohol ; 
on cooling, a crystalline mass, of the melting point 105° C., is deposited 
from the alcohohc solution. On ignition, commercial samples of 
carnaiiba wax yielded 0-43 per cent of ash. 

By subjecting carnaiiba wax to repeated fractional crystallisation, 
lAebermann ^ obtained crystals of the melting point 92° C. simulating 
felted paper in appearance and having no lustre (differing from 
cochineal wax)^ The melting point could not be raised by further 
recrystallisation. » 

Carnaiiba wax was formerly looked upon as consisting, lilj^e beeswax, 
chiefly of melissyl (myricyl) cerotate and small quantities of free cerotic 
acid and melissyl (myricyl) alcohol ; the latter is easily removable by 
cold ethyl alcohol. Sturcke,^ who carried out a very complete research 
into the chemistry of carnaiiba wax, maintains that free cerotic acid is 
absent. The definite acid value, however, found by other observers, 
undoubtedly points to its presence. According to oturcke, the following 
are the constituents of carnaiiba wax : — 

(1) A hydrocarbon, melting at 59°-^'6° C, (2) An alcohol of the 
composition C 26 H 54 O (ceryl alcohol), melting at 76° C. (3) Myricyl 
alcohol, CjoHggO, melting at 90° C.® (4) A dihydric alcohol CggHggOg 
(cp. Vol I. Chap. III.), ^ melting at 103'5°-103*8° C. (5) An acid 
C 24 H 48 O 2 (camalibic acid), melting at 72-5° C. ( 6 ) An hydroxy acid 

^ 21 ^ 42^8 “ ^ 19^38 itff lactone 

1 Berichte, 1885, 1979. ® Liebig's Annul 223, 288. 

* Gascard {Joum. Chm. Soc. Ind,^ 1893, 955) assigns to it the formula C 31 H 84 O. 

* Schreiner and Shorey found in a black clay deposit of North Dakota an acid 

0^^420, 1909, 1339). , * ^ 
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Recently purified. ® Old specimen, * Joum, Soc. Chem. Ind., 1906, 158. 

^ By saponification in the cold. ® Specific gravity of the alcohols at 100* (water at 100'* = !) 0 8426 (Arclfl&utt). 

® Melting point of fatty acids 85* C. (Lewkowitsch). 
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LewkowiUch ^ found tlie acetyl value of camaiiba wax to be 55*24. 

When saponifying camatiba wax strong alcoholic potash must* be 
employed, and the solution must be boiled ovpr a flame for about an 
hour. If more than 3-4 per cent of water are present in the alcoholic 
potash, soap is apt to separate which envelops unsaponified wax so that 
lt)w saponification values are found. The discrepancies in the saponifi- 
cation numbers recorded in the table (p. 877) may thus find their 
explarfation. Ifc strongest alcohol is used, an amyl-alcohol solution 
(cp. also p. 904) of caustic potash need not be employed, nor is it • 
necessary to boil for twenty-four hours.® 

JVitiels and Weliva/rt examined two samples of carnaiiba wax, one 
pure and one undoubtedly adulterated. They determined the following 
characteristics : — • 


— A 

I. 

<n. 

Acid value , . , ' . 

5-1 

3-9 

Saponification value . 

83-4 

62-1 

Iodine value .... 

9-0 

6-9 

Acetyl value .... 

64-8 

41-0 

Melting point .... 

1 

83® C. 

81® C. 


These observers conclude frouHhe microscopical examination that 
the adulterated sample 11. is paraffin wax, and calculated its proportion 
from the saponification value as 26 per cent. 

Leys found on examining carnaiiba wax by his method (cp. Vol. I. 
p, 602) the following characteristicb 


Density at 16® C. . 

Acid value . . . . ’ . 

Saponification value 

Batio number .... 

Iodine value .... 

Total saturated acids 

Melting point of these acids (capillary tube) 
Neutralisation value . . . 

Alcohols . . . . . 

Melting point of those alcohols (capillary tube) 
Acetyl vahie .... 

Hydrocarbons f , 


0-978 

7-8 

87-0 

10-1 

9-9 

. 47-10 per cent 

. 76® C. 

. 78-5 

.X 49-22 per cent 
. 81® C. 

. 122-0 
. Nil 


Engler ® found that a 5 per cent solution of carnaiiba wax in chloro- 
form gave a deviation of 0*1° to the right in a sacoharimeter in a 2(X) mm. 
tube. r ♦ 

Valenta ^ examined the melting points of the following mixtures of 
carnaiiba wax With stearic acid,*ceAsin, and paraffin wax 


1 Analyst, 1899, 821. ^ 

^ Cp. Ber& Chm. Zeit,, 1909, 886, who recommends to saponify in a solution of 
xylene (cp. Henriques’ method, Vol. I. p. 108). ^ 

• Chem» Zeit., 1906, 711. * Zeiischr.f. anal. Cketn. 23, 267. 
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Proportion of 

Molting Point of Mixtures of OarnaUba Wax with 

Uelting Point 
86^C. 

* 

“Stearic Acid "of • 

Ceresii) of Melting Point 

ParafQi) Wax of Meltinii 


Melting Point 68'6* C. 

nr C. 

Point 60*5* 0. 

Per cent 

•a 

"a 

*0. 

5 

69-76 

79-10 

78'90 , 

10 

78*75 

80-66 

79*20 

1 15 

74*56 

81-60 

81-10 

20 

76-20 

82-63 

81-50 

25 

75-80 

82*95 0 

81-70 


The table^hows that the addition of 5 ^)er cent of carnaiiba wax 
to the substances named produces a considerable increase in theii 
melting^oint ; further additions, however, do not cause a proportional 
increase. ^ 

Stearic acid if present in a specimen of commercial carnaiiba wax 
would be detected by the high acid value of the sample ; ceresin and 
paraffin wax by the high percentage of unsaponifiable matter. 

Carnaiiba wax is employed in the manufacture of candles, polish- 
ing pastes, wax varnishes^ (waxing coloured papers^), pbcnograph 
and gramophone records, cable coverings, water-proofing, cerates in 
pharmaceutical practice, tailors’ chalk, etc. It has the property in a 
greater degree than all other waxes of imparting a lustre to the polishes 
and preparations made from it. 


CANDELILI4 WAX 

French“CiVe de candelilla, German — Candelillawachs. 

Italian — Cera di candelilla. 

This wax is obtained from a weed, Pedihrithus pavonis, belonging to 
the EuphorUacea, which grows in the semi-arid regions of Northern 
Mexico and Southern Texas. The plant attains a height of from 
3 to 5 feet, and consists of a bundle of stalks about half an inch in 
diameter without leaves, and growing on one root. Each plant yields 
from to 5 per cent of wax. Another variety, Euphorbia arUisyphili- 
tica, Zucc., also belonging to the Euphorhiaceay yields a sinoilar wax."" 

These waxes, which form a coating on the entire surface of the 
plant, are usually obtained by boiling out the shrub with water or steam,* 
but in spme cases extraction with benzine is^resoffced to.^ The wax 
prepared by the first process is of a brownish colour which can be 
bleached by exposure to the sun in thin^sheets. The wax is very hard 

^ Joum. Soc. Chem. Ind.y 1894, 744. 

^ A. Wolberg (German patent 93,489) claims wool wax aa substitute for carnaiiba 
wax for this purpose. 

* Watson, United States patenU 1,042,992, 1,058,648. 

^ Sharp, United States pUent 1,018,689. 
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and can easily be powdered, its surface is capable of taking a high 
polish, and it is said to possess the property of adding lustre to polishes, 
simulating in this respect, although not to the same extent, carnauba 
wax. , f 

Candelilla wax is easily soluble in turpentine, hot chloroform, or 
•carbon tetrachloride. The author suggests the use of the last-named 
solvent for dissolving the wax on a laboratory scale in order to filter 
off iihpurities. , 

Fraps and Rather'^ isolated, from candelilla wax, a hydrocarboij 
melting at 68 ° C. and having the formula which they state to be 
hentriacontane, and also Another substance, probably a hydrocarbon 
melting at 85° C. Sanders * states that the wax contains hentriacontane 
and myricyl alcohol. This statement is in some meastire confirmed 
by Lewkowitsch? who finds that the unsaponifiable matter shows a 
definite increase on acetylation, namely 4*56 per cent, in contradistinc- 
tion to Hare and Bjerregaard,^ who state that no increase takes place. 

Meyer and Soyka ® show that the wax, after removal of the alcohol- 
soluble resinous matter, consisted largely of normal dotriacontane 
CggHgg which melted at 71° C., and also a small amount of an oxylactone 
C 3 QH 53 O 3 (melting point 88 ° C.). 

Owing to the primitive methods employed in the production of this 
wax, and also perhaps to other wax-bearing shrubs being mixed with the 
candelilla plant in gathering it, it is to be expected that the constituents 
and characteristics will differ very greatly for the various samples. 

Candelilla wax should find an outlet in the manufacture of shoe 
polishes, phonograph records, lacquers, etc. As it is said to burn with 
a clear bright fiame it may, perhaps, be used as a candle material in 
hot countries. 

A sample of the wax from Elparto grass examined by Lewkowitsch ^ 
hadlihe melting point 77-81° C., and contained 56‘1 per cent of un- 
saponifiable matter and 38-6 per cent of fatty acids of the mean mole- 
cular weight 468-8. The sample examined contained 4-7 per cent of 
ash, chiefly silica and alumina. Patents for the recovery of this wax 
have been taken out by Cross and Russell.^ 

' Joum. Ind. and Eng. Chem.^ 1910, 454. 

^ Proc. Chem. Soc. vol, xxvii. 250. 

0 3 Unpublished observation. 

* JS^um. Ind. and Eng. Chein.^ 1910, 203. 

® Monaish.f. Ohem., 1913, 1159. 

® English patent 8268, 1908 ; French patent 395,250. 
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FLAX WAXI 

Frencli — Cire de Un» German — Flachswach§, Italian — Cera di lino. 

The surface of the flax fibre is coated with a waxy substance which 
can be isolated by extraction with volatile solvents. 

The flax wax so obtained is a white or yellowish-green or yellowish- 
brown solid substance of dull, wax-like fracture and possesses a very 
pronounced odour of flax. The wax dissolves with difficulty in chloro- 
form, but is readily soluble in the usual solvents. In alcohol it is onfy 
partially soluble. 

The fatty acids in flax wax consist of the saturated acids : palmitic 
and stearic, and of the liquid acids : oleic, linolic, and linolenic. The 
identity of the hquid acids was proved by the isolation of their oxidation 
products. The 81-3 per cent of alcohols 'plus hydrocarbons given in the 
table consist in the main (to the extent of 70-80 per cent) of a solid 
hydrocarbon, melting at 68° C., and having the specific gravity 0-994:1 
at 10° C. The remainder is a mixture of phytosterol and ceryl alcohol. 

Physical and Chemical Characteristics of Flax Wax^ 




Specific 
Gravity 
at 15° C. 

Melting 

Point. 

°C. 

AnM ' Saponification * Iodine 

Valie ' Value. , Value, 

value. 1 ; pgj. 

Reichert- 
Meiasl Value, 
c.c. A norm. 
KOH. 

AlcoholH4- 
Hydrocarbons. 
Per cent. 

0-9083 

1 

61-5 

54-49 1 101-51 

9-61 

9-27 

81-32 


RAPHIA WAX 

This wax, whfch is obtained from Raphia Ruffia, a palm indigenous 
to Madagascar, forms a whitish layer on the under side of the leaf, 
from which it can be easily detached by rubbing lightly with the finger. 
The glossy epii^rmis of the leaves yields the commercial “ bass,” and 
after stripping tnis ofi the “ residues ” are spread on cloths in the open 
air (but sheltered from the wind). The driecT leaves are then shaken 
or rubbed between the hands, when the wax comes off easily as a fine 
powder. ' By bailing with water, the powder is refined ; the earthy 
matter settles out and the crude wax is ladled off and allowed to solidify. 

At present only small quantities are prepared in Madagascar for t]j^ 
market ; but should the demand increase, considerable quantities can 
be obtained, as .the dried leaves, after having been stripped off the 
“ bass,” yjeld about 10 per cent of wax. The crude wax resembles 
carnaiiba wax. 

Its specific gravity is 0*950 and its melting point 82° C. {Jumelle),^ 

^ Cross and Bevan, Joum. Chem. Soc., 1890, 196. 

C. HoflFmeister, Berichte, 1903, 1047. 

^ Compt. rend., 1905 (141), 1251. 
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RAfHIA WAX— COTTON SEED WAX 

« 

The wax is sparingly soluble in chloroform, ether, petroleum ether, 
benzene, carbon-bisulphide, and acetone.. It dissolves in boiling alcohol, 
but separates on cooling. According to Haller,'^ this wax consists chiefly 
of an alcohol of the formula,C 2 oH 420 , which is not identical with arachyl 
alcohol prepared from arachidic Wd. 

Two specimens of Raphia examined in the Imperial Institute^ 
gave the following result : — 


1 


1 

1. 1 

ir. 

Specific gravity at 99° C. (water at 15j^° C.) 

0*836 

0*832 

Melting point 

82° C. 

83° i\ 

Acid value 

4*9 

6*5 

Saponification value 

• 61*3 

50*3 

Iodine value 


10*7 


COTTON SEED WAX 

( 

French — Cire de coton. German — Baumwollsamenwacfts. 

Italian — Cera di cotone. 

This wax is contained in the raw cotton to the extent of about 
4)* 5 per cent, and may be extracted therefrom with benzol. The crude 
wax resembles beeswax in consistency.* Knecht and Allen ^ separated 
the crude wax into two portions by means of petroleum ether ; the 
soluble portion constituting about 70 per-cent of the crude wax, melting 
at 66-67° G. and containing a small amount of combined glycerine, 
and the insoluble portion which was dark green in colour and plastic, 
melting at 68° 0. These observers separated the petroleum ether 
soluble portion into two fractions by boiling with 96 per cent alcohol : 
the alcohol-insoluble portion (18*8 per cent) representing a glossy wax 
melting at 78° C. and having the iodine value 11‘28, and the alcohol- 
soluble portion melting at 62° C. and having the iodine value 3342. 

The wax contained 47 *5 per cent of unsaponifiable matter, from 
which the authors isolated a ph 3 rto 8 terol, the acetate of j^hichfnelted at 
127-2° C. Fiest ^ extracted from raw American cotton a waxy body 
by means of the following solvents ; the different solvents extracted 
various amounts, namely : — ether, 0-74 per cent ; benzene, 0*87 per 
cent ; petroleum ether, 0-6 per cent ; and absolute dcohol, 1-23 per 
cent. The* alcoholic extract had the saponification value 159 and the 
iodine value 22-1. 

^ Compt. retid.y 1907 (144), 594. 

^ Bull. Imp. Jnst.y 1908, 383. 

2 Journ. Soc.f Dyers and Colourists, 1911, 142. 

^ Zeitschr. angew. Chm., 1912, 396. 
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GONDANO WAX^ (GETAH WAX ?) 

Frencli — Cire de gondang (Cire de gei^h ?)/ German — Oondangwachs 
(Getahwach), Italian— -Oera di gondang (di getah^. 

Tins wax is obtained by tbe Javanese from a wild fig-tree, gondang 
{Fjfius ceripmy Jungb; Fkus svhracemosa, Bl.), by boiling the latex 
with water until the wax separates. The cakes of gondang wax have 
a chocolate colour outside, and are yellowish- white inside. Ihe 
yellowish-white colour becomes gradually brown on exposure to the air. 
The Wax is hard and shows conAoidal fracture, but is not very friable. 
The crude wax is stated to form a “ transition product ” between 
india-rubber and wax. ^The crude wax melts at about 60° C. ; it then 
forms an extremely viscous mass which can be drawn out in threads, 
and separates on standing into two layers — melted wax and a brown 
aqueous layer. On cooling, the wax remains viscous for some time ; 
finally a white mass separates. 

The specific gravity of the melted wax is 1-0115 at 15° C. ; it softens 
at 55° 0., but is not completely melted at 73° C. It dissolves in benzene, 
carbon bisulphide, chloroform, oil of turpentine, petroleum ether, as 
also ifi'boiling ether, alcohol, and amyl alcohol. By purifying it with 
boiling alcohol, 70 per cent of the material are obtained as a white 
crystalline mass, melting at 61° 0., soluble in boiling alcohol and insoluble 
in cold alcohol. 

The purified wax of the melting point 61° C. consists chiefly of the 
ficoceryl ficocerylate. t 

On subjecting gondang wax to destructive distillation, an aqueous 
distillate containing acetic acid and propionic acid is obtained first, 
followed by an oily liquid conts^ining a hydrocarbon,, Ci4ll2g, a crystalline 
ao»d, melting at 54° C., of the formula CJ2H24O2, and an alcohol, melting 
at 51° C., of the formula C44HggO. 

ft 


PISANG WAX 2 

French — Cire de Pisang, Gexmm—Pisangwachs, Bananenwachs. 

^ . Itahan — Cera di Pisa'ng. 

Pisang wax is found as a powdery mass on the leaves of Cera Musce, 
indigenous to Java. The natives collect the wax in much the same 
manner as carn^iiba yrax is gathered, by scraping it off the leaves and 
melting the scrapings in boihng water. One branch, carrying about 
seven leaves (each on an average about 6 feet long), yields 60 grms. of 
wax. The exported wax forms hard cakes of white, yellowish, or 
slightly green colour. The wax is slightly transparent, of granu^r 

’ Greshoff and Sa^, Rec. des trav. chini. des PaySfEas, 1901, 65. . 

2 



XIV 


PISANG WAX— PALM WAX 


885 


crystalline fracture, and easily friable. The commercial product contains 
only 1 per cent of ash. 

The .specific gravity vaiies from 0-963 to 0-970 ; the melting point 
is from 781 to 81° 0., and the 8a{>onification value 109. 

The wax dissolves sparingly in strong boiling alcohol ; it is also 
sparingly soluble in most solvents. It dissolves easily, however, in 
boiling oil of turpentine, amyl alcohol, and carbon bisulphide. ^At 
15° C. the following quantities ate retained in solution : by petroleum 
ether 0-1 per cent, acetone 0-5 per cent, ether 0-7 per cent, oil of tur- 
pentine 1 per cent, chloroform 1-7 per cent, and carbon bisulphide 
1-8 per cent. 

The wax consists of the pisangceryl ester of pisangcerylic acid. 
The commercial samples contain only 1 to 1-5 per cent of free fatty 
acids. 

On subjecting the wax to destructive distillation a small quantity 
of aqueous distillate passes over whilst the temperature rises rapidly 
to 200° C. From 210° to 320° C. a buttery mass distils over, which 
can be separated by expression into a liquid and a solid portion. The 
liquid portion, after purification by sulphuric acid and re-distillation, 
appears to be a hydrocarbon having the formula CjgH 34 . The solid 
mass after being crystallised from alcohol melts at 63-5° C., and ft^tated 
to have the composition expressed by the formula ^27^54^2- 


PALM WAX 

French — Cire de palmier. german — Palmwachs. 

Italian — Gera di palma. , 

This wax is obtained from Ceroxylon a7idicola, Humb. (indigenous 
to the Andes), and Klopstockia cerifera, Karst, (indigenous to Columbia). 
These two palms exude from their trunks a wax-like mass which is 
collected by the natives. It is a greenish-white powder and is purified 
in a somewhat crude fashion by melting over fire and boiling with 
water. This crude product is stated to be a mixture of pure wax with 
a resinous substance, which can be removed by repeate^ crystallisation 
from boiling alcohol, in which the resinous matter is readily soluble. 
The chemical characteristics are said to be very similar to those of 
carnauba wax. It should, however, be noted that commercial products 
sold as palm wax have frequently been found to be •nothing else but 
carnauba wax. 

t 

Madagascar Ehimba wax is furnished by the “ Rhimba ” tree of 
Madagascar. It appeared in commerce a few years ago in the shape of 
small irregular masses adhering to pieces of bark from the tree. Most 
of these masses were encrusted with woody and earthy particles, others* 
had a smooth but dull *and greyish surface resembling resins, which 
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harden when running out from the trunks of the trees. Khimba wax 
appears, therefore, to consist of a mixture of a vegetable wax and resin. 

f 

Jasmine flower wax is obtained from the petals of the jasmine flower, 
Philadelphws coronarius, as a by-product in the process of extracting 
the flowers with petroleum ether. After evaporating ofl the petroleum 
etljer, the ethereal oil is extracted from the residue by alcohol, lea^ng 
bejdnd a hard yellowish-brown mass for which Radcliffe and Allan ^ 
found the following characteristics : — * 


Wax— 


Acid value 

2-8 

Saponification value . 

66-8 

Iodine value . 

52*0 

Fatty Acids — 

Melting point . 

57-65° C. 

Mean molecular weight 

398 

Iodine value . 

39 


Curcas wax occurring on the bark of Jatropha Gurcas (see p. 231) 
consi^tfi-, according to Sachy^ of melissyl alcohol and melissyl melissate. 

Lesser known vegetable waxes are the wax from Ficus ruhiginosa 
{Warren de la Rue and Muller)y the wax from Antiaris toxicaria, Lesch. 
(Upas-tree), ocotilla wax, coffee berry wax® (cp. p. 371), the wax from 
Langadorffis hypogm. Mart. (Balanophore wax), and shellac wax.'^ 

t 

Ocotilla' wax ® is obtained from a shrub Moquinia hyjgolencay D.C. 
(Fouquiera spkndens)y belonging to the order Compositce, growing wild 
on the coast of Kio Grande, p The author obtained a yield of about 
2 .per cent from the entire plant, the bulk of which, however, was 
contained in the leaves, the stem and the stalks yielding but a 
small proportion. The extracted wax had the ' following character- 
istics : — 


/iUIU VUIUU 

Saponification value . 

. UO'l 

. ^ 185'0 (?) 

Unsaponifiable matter 

. 43*11 per cent 

Melting point of same 

64-66° C. 

Fatty acids 

. 23*9 per cent 

Melting point of same 

60° C. 

Mean molecular weight 

268*3 


^ "Jmrn* Soc. Chem. Ind., 1909, 227. 

- Vhem. CentralhL, 1906, i. 1106. 

^ Meyer and Eckert, Monatsh.f. Chm,^ 1910, 1250, 
^ Ljubarski, Seifensiederztg.y 1913, 127. 

® Cp. F. Ephraim, German patent 216,792. 
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. CANE SUGAR WAX 

French — Cire de sucre de cane, German — RohrzucherwacJis. 

Italian — Cera di zucchero vegetale. 

This wax is obtained as a by-product in the manufacture of Sugar 
from the cane either by scraping the stem or skimming off the juice 
obtained by boiling out the cane. Wijnherg has patented a process for 
recovering the wax from the filter press residues obtained in the purifica- 
tion of the sugar juice with lime.^ In the factories the residues from the 
filter presses are allowed to ferment when tl»e glycerides appear to be 
decomposed, the more resistant wax-like bodies remaining unattacked. 
Wijnherg examined the samples of the crude wax prepared from both 
the fresh and fermented residues, and obtained results collated in the 
table of characteristics. Wijnherg^ also found a large amount of 
lecithin and a ph3rtosterol. 

The crude wax is a dark brown or dark green, hard mass, and some 
specimens are sticky to the touch. 

^ United States patent 941,401 ; French patent 397,843 ; English patent f^22, 1909. 

Inaug. Dissert., Amsterdam, 1909. 
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. 2. AKIMAL WAXES 

» 

The animal waxes contain but small quantities of unsaturated aci(^ 
and unsaturated alcohols. The acid and alcoholic constituents of 
beeswax, spermaceti, and insect wax belong chiefly to the saturated 
(aliphatic) series. Wool wax, however, has an exceptional chemical 
• composition ; some of its alcohols are derivatives of the cholesterol 
series, and its fatty acids are characterised by the facility with which 
they become dehydrated. Wool wax is also remarkable on account of 
the difficulty with which it is saponified even by alcoholic caustic 
potash. • 

Like all natural products the individual waxes exhibit variations 
depending on the race of the animal, etc. This holds especially good 
of the different beeswaxes. 


WOOL WAX^ (wool grease) 

French — Cire de suint, German — Wollwachs. Italian — C^a di lam. 

For tables of characteristics see pp. 891, 892. 

The term wool wax was proposed by the author for the neutral 
portion of raw wool fat — “ wool grease,” — and has now been adopted 
by modern writers. • 

Wool fat, Wool grease, Recovered grease, Brown grease : ^ French— 
Suintine ; GevmBin—Wollfett, Wollschweissfett, Suinter ; Italian — Orasso 
di lam greggio, sugm, is the natural grease contained in sheep’s wool. 
In the course of preparing the raw wool for spinning, this grease is 
removed by means of dilute soap (or sodium carbonate) solutions,^ or 
by extraction with volatile solvents. In this country the suds from 
wool-scouring are usually collected in large tanks, and by acidulating 
with mineral acids, “ brown grease,” or “ recovered grease,” ^ is ob- 
^ tained of varying composition, according as to whether the suds from 
^the wool are kept separate or are mixed with the soap suds from the 
scom’ed woven goods, which latter process is the^ one adopted in those 
woollen mills where wool is washed, spun, and w5ven (cp. Vol. HI. 
Chap. XVI. “ Wool Grease”). The degreasing of wool by means of 
an electric current has been patented by Lagye and YandaUe.^ 

The wool grease, obtained by extracting, raw* wool with volatile 
solvent^, contains of course only the natural constituents, viz. free 
fatty acids, neutral esters, and free alcohols, in admixture with potassium 
salts of fatty acids. 

^ Lewkowitsch, Journ. Soc. Ghem. Ind., 1892, 135 ; 1896, 14. 

In the United States this grease is known commercially as “Degras.” 

Dantzer (French patent 872,767) patents the employment of aqueous solutions 
containing only the water-seluble portions of woil-acouring suds. 

‘ French patent 399,876. 
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The wool fats from various sources vary considerably within certain 
limits much as other natural products do. The following table contains • 
some characteristics of several wool fats obtained by extracting raw 
wool with ether : — * 


1 

Source of Wool 
Fat. • 

From 

Yield 
of Wool 
Fat. 

Per cent. 

Potash Salta 
m Wool Fat^ 
calculated to 
Potassium > 
Oleate. 

Per cent. 



. ^Col9ar. 

Con- 

sistence. 

Acid 

Value. 

Saponifica- 
tion Value. 

Alcohols 
(unsaponi- 
flable). 
Per cent. 

Ob- 

servei 

• 

1. New Zealand 
wool 

16-6 

4-9 

• 

dark red 

fairly 
soft when 
fresh, 
becomes 
harder on 

14-3 

110-5-110-7 

43'6-43'9 

llerbi, 

2. Australian wool 

1 

16-0 

4-24 

brownish- 

yellow 

keening, 
fairly 
soft, re- i 
mained 
so after 
keeping, 
fairly 
hard. 

15-5 

112-7-113-3 

•• 


8. South American 
wool 

13-2 

9-26 

yellowish- 

olive-green 

13’2 

98 •7-98 -9 

43-l-43‘6 


4. Russian wool 

5. Australian wool 

t 

6-6 

24-4 

dirty 

brown 

light 

brown 

soft at 

20“ C. 
melts 
at 30 6“ C. 

18-9 

27-4 

94 -2-95 -9 

lOO’S 

38'7-39*l 

65-124 

Lewke 

witscl 


Since the valuable property of wool fat, viz. that of yielding emul- 
sions with water which are easily absorbed by the skin, has been re- 
discovered,^ the raw wool fat is purified by various (palj^nted pro- 
cesses, and the refined neutral wool ht—wool wax— is brought into 
commerce either in an anhydrous state (under such names as “ adeps 
lanae ”), or in the hydrated state (under the name “ lanolin ”). Other 
commercial names are “ agnin,” alapurin,” etc. (cp. Vol. III. Chap. 
XVIV‘ Wool Grease ”). 

Anhydrous wool wax is a pale yellow, translucent substance, having 
a slight but not unpleasant smell (in contradistinction to raw wool 
grease, which is characterised by its peculiar disagreeable smell, recalling 
that of sheep).* Its consistence is that of a thin ointment. It dissolves 
readily in chloroform, ether, and ethyl acetate. Although insoluble inp 
water, it possesses the remarkable pr^erty of absorbing larger quantities 
of water than any^tHer wax ; even if as much as 80 parts of water be 
mixed with 100 parts of wax, the emulsion which is formed with water 
has the appearance of a perfectly homogeneous mass. A mixture of 
neutral wax and water, containing about 22-25 per cent of the latter, 
is sold in commerce under the name “ lanolin ’’ (see below). 

Wool wax is not completely saponified by aqueous caustic alkalis ; 
eyen prolonged boiling with alcoholic potash under ordinary pressure 
does not effect complete saponification. Sodium alcoholate (or absolute 
alcohol and metallic sodium) or alcoholic potash under pressure readily 
effect complete saponification (cp. Vol. 1. Ohap. II.). 

^ Joum. Soe. CheHl, Ind., 1892, 136 ; 1«96, H. 

Cp. Langbeck, Joum. Soc. Chem. Ind,, 1890, 366. 
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From anhydrous lanolin. 
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IL Physical and Chemical Characteristics of the Insoluble Fatty A cids ^ * 


Solidifying 

Point. 

•0. 

Melting 

Point. 

•c. 

Mean 

Molecular 

Weight. 

“• — 

Iodine 

Value. 

Par cent. 

Observer. 

• 40 

41‘8 

327-5 

17 

Lewkowitsch 


III. Physical and Chemical Characteristics of the Mixed Alcohols 


Solidifying 

Point. 

“0. 

Melting 

Point. 

‘C. 

• 

Mean 

Molecular 

Weight. 

Iodine 

Value. 

Acetyl 

Value. 

Observer. 

28 1 

33-51 
44-4-48-9 2 

2391 

361 

26-42 

143-8^ 

Lcwkowitsch 

> > 

1 


l¥. Chemical Characteristics of the Neutral Esters 


Saponidcatlon 

Value. 

Fatty Acids. 

Alcohols. 

Observer. 

Mgrms, KOH. 

Per cent. 

Per cent. 

j 96-9 

66-66 

• 

47-66 

Lewkowitsch 


The •chemical composition of wool wax is not fully known. Wool 
wax evidently consists of a very complex mixture of esters and tree 
alcohols ; amongst the alcohols, cholesterol and isocholesterol occur to 
a large extent. Owing to the presence of high proportions of these 
alcohols wool wax rotates the plane of polarised light. Walden found 
the specific rotation [a]5= +6-7° at 35° 0., and in a -^5 per cent chloro- 
form solution [a]^ - 4- 8*55°. In a 25 per cent benzene solution Rakusin 
found [a]p= +,2-8. 

Lewkomtsch wasrthe first to show that the previously accepted 
statement, viz. that neutral wool wax is a mixture of cholesteryl (and 
isocholesteryl), oleates, ^nd stearates, is erroneous. The low iodine value 
of both the fatty acids and the alcohols precludes this altogether. The 
absence of palmitic and sfearic acids has been confirmed later ‘on by 
Darmstddter and Lifschiitz? Nor should Buisine's assertion that ceryl 
cerctate ^ is present be accepted without further proof, %s ceryl alcohol 
occurs in raw wool fat in the free state. An inquiry into the nature of- 

‘ From raw wool fat. ^ From lanolin. ’ Berichte, 1898, 103. 

< G. de Sanctis, Ohm. ZeiL, 1895, 651, states that cerotic acid occurs in wool fat. 
According to Darmstadter and Lifschutz, the quantity of cerotic acid can only be very 
small. ' ' 
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xi^ 

the components, carried out by the author,^ has shown that the mean 
molecular weight of the alcohols (239), in conjunction with the low 
iodine value (36), points to the presence of lower saturated alcohols, 
since cholesterol and isocholesterol have the molecular weight 372 and 
the iodine absorption 68-3 (c{). Vol. I. Chap. II.). The fatty acids, owing 
to their low iodine absorption, cannot consist to any considerable ext^t 
of oleic acid. The author has shown that they contain hydroxy acidU,® 
as they easily give ofi the elements of water at temperatures little above 
100° C., with formation of inner anhydrides or lactones, and assimilate 
considerable quantities of acetic anhydride, forming acetylated acids. 

Marchetti^ stated that he isolated from wool wax an alcohol of 
the formula 0 ^ 2 X 1240 — termed lanolin alcohol. Since, however, two 
other alcohols described by Darmstddter and Lifschutz,"^ and supposed 
to form a homologous series with lanolin Alcohol, have been shown to 
be lactones (see above), the existence of this alcohol becomes doubtful. 

The results of a further examination of wool wax carried out by 
Darmstddter and Lifschiltz ^ h&YQ been collated by the author in a 
synoptical form in the following table ® : — 


> Journ, >Soc. Chem. Ind., 1892, 136 ; 1896, 14. Cp. Vol. 1. Cl)ap. XI. 

‘ Ibid. 3 chim. ital., 1896, 22. 

^ Berichte, 1895, 3133 ; cp. Jahrbuch d. Chem., 1896, vi. 375. 

■' Ibid., 1896, 618 ; 2890 ; Joxmi. tioc. Chem. Ind., 1896, r>48 ; 1897, 150. 
® Jahrbuch d. Chem., 1898, vni. 405. 


[Table 



Wool Wax^ separated hy Amyl Alcohol into two Parts: 
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The alcohols mentioned under B (P) do not contain cholesterol 
The alcohol “2 c ” gives the colour reactions of cholesterol, but since 
j cholesterol itself could not be isolated, Darmsiddter and Lifschutz con- 
cluded that cholesterol js only formed during the reaction, and that 
the alcohol “2 c ” should be looked upon as a hydrated cholesterol, 
from which cholesterol and isocholesterol are obtained. Further 
researches are required to elucidate the complicated composition ot 
wool wax. Since cholesterol and isocholesterol differ in their optical 
rotation (cholesterol being Isevorotatory and isocholesterol ciextro- 
i,rota4;ory in ethereal solution), the polariscopic examination of the 
alcohols should lead to more definite information (Vol. I. Chap. L). 
This is ail the more required since in a more recent publication Schulze ^ 
maintains his earlier statements on isocholesterol. 

A renewed inquiry into the work of Do/mstadter and Lifschutz by 
Rahman arid Siehert ^ has, however, proved that part of the substances 
which had been obtained by Darmstddter and Lifschutz are only formed 
in the course of, and are due to the manner of, preparing the products 
described by them, and that another part does not consist of chemical 
individuals, but of a mixture of the original substances with their 
products of saponification. As far as can be stated at present wool wax 
contains lawcerin^ which is isolated by repeatedly boiling out wool fat 
with an equal amount of methyl alcohol, dissolving the qyidissolved 
portion in ether, and precipitating it with alcohol. Lanocerin appears 
to be the inner anhydride of lanoceric acid. With regard to carnaubyl 
alcohol see footnote, p. 894, and Vol. I. Chap. III. 

To some extent the differences in the results obtained by the several 
observers may be due to the difference in the composition of the wool 
fats from which the wool waxes wer# isolated. 

Lewkowitsch ® found the acetyl value of a sample of wool wax from 
“ lanolin ” 23-3, and of the wool fat alcohols 143-8. 

Owing to its property of forming an emulsion with water (which 
will not separate into two layers even after several years’ standing), 
and to the ease with which it is absorbed by the skin, wool wax is used 
as a basis for ointments ^ and cosmetics.® The British and the German 
Pharmacopoeia recognise two preparations, viz. Adeps lanae anhydrous, 
ix. pure wool wax, and Adeps lanse hydrosus, i.e. hydrous wool wax, 
better known under the trade term “ Lanolin.” For further informa- 
tion on the subject of wool fat cp. Vol. III. “ Wool Grease.” 

^ Berichte, 1898, 1200. ^ Centmlbl.f. PhysioLo'i^Otj, xix. No. 10. 

'' Anahjit, 1899, 321. 

With regard to tlie solubility of mercuric chloride, mercuric nitrate, sulphur, 
ferrous sulphate, ferric chloride, lead acetate, iodine, potassium iodide, iodoform, 
phenol, and camphor in Innoline, cp. G. Close, Archives intermtionales de pharmaco- 
dynamic defhh'apie, 1907, 460. ® * 

® Cp. P. G, Unna, Medizinische Klinik, 1907, No, 42. 
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BEESWAX 1 

French — Cire d’aheiUes, Geimm^BieMT^wach^. Italian— Cera d’ api. 

« For table of characteristics see p. 920. 

Befiswax is secreted by the common bee, Apis mellifica, as also 
by other species of Apis and Trigona, as a product of digestion ; it 
serves to the bees as the material for building up the honeycombs. ♦ * 

At present the honey is removed from the combs by centrifugal 
machines. A description of modern apparatus has been given, by 
W, F. Reid} 

For places of productioA see table, p. 909. 

The older process of preparing beeswax consisted in melting the 
emptied honeycombs by immersion in hot water, and filtering the 
liquefied wax from impurities (such as dead bees, etc . ) } A more modern 
process is to prepare the wax by expression after having melted the 
honeycombs and removed gross impurities by straining. The press- 
residue is again boiled up and pressed once more. The residue from the 
second egression still contains some 10-15 per cent of wax. Such 
residues are collected together in special estabUshments, and the wax 
is recovered by extraction with solvents.^ This product, known as 
“ extracted beeswax,” differs somewhat from the beeswax obtained by 
expression. It presents a dark brown, soft mass, greasy to the touch 
and of unpleasant odour ; on boiling with water it gives up a yellow 
colouring matter. Hirschel^ examined three genuine samples of 
“ extracted ” wax. Chemically tfiey differed from expressed wax by 
having a somewhat higher acid value (23-3-27‘l) and a much higher 
iodine value (31-2-39’6). In Weimum’s paraffin wax- or ceresin-test 
(see jK 921) they behaved like samples of genuine beeswax containing 
about 5 per cent of admixed paraffin wax. Since “ extracted ” beeswax 
is rarely sold in commerce as such, the following notes refer only to 
expressed wax, i.e. the yellow wax of commerce. 

Gabrilowitsch ^ examined samples of Russian extracted wax and 
found the following cbaracteristics : — 


Specific gravity , 

. 0-96-0’97 

Melting point, ® C. 

. 60-64 

Acid value 

. *18-22 

Saponification value 

. , . 88-100 

Ratio number 

. . 3-66-3-88 


The propolis (German “ Klebwachs ”), i.e. the wax used* by the 

^ The bibliography of beeswax arrailfeed chronologically, and of waxes used in adulter- * 
atihg it, will be found Journ. Soc. Ghem. Ind.^ 1892, 766. 

Jowm. Soc. of Arts, 1903, 622. 

Cp. Bull. Imp. Inst.f 1910, 26. ‘ ' 

* A. C. Miller, United States patent 906,732. 

»''* Qhem. Zeit, 1904, 212. ® Russ, F'dhrer d, d. Fettind., 1909, 56. 
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bees for sealing up the oellsj consists, according to Qreshqff and Sack} 
of 84 per cent of an aromatic resin, 12 per cent of wax, and 4 per cent of 
I alcohd-soluble impurities. A more decent analysis of propolis by 
Dieterich ^ gave the following results : — 


Volatile substances .... 5-96 per cent 

Alcohol-insoluble substances . . . 12*94 „ 

Resinous substances . . . .64-61 „ 

Wax 10.05 

Volatile oils ..... Traces 


P: Borisch^ givQB the following data .-—Resinous matter insoluble 
in hot light petroleum spirit, but soluble in 96 per cent alcohol 43-6 
per cent ; “ Propolis balsam,” soluble in hot light petroleum spirit 
and 70 per cent alcohol 8*7 per cent ; Beeswg.x 27-9 per cent ; Ethereal 
oil and Water 6-9 per cent. The “ propolis resin ” is described as being 
brownish black, soft, and melting at about 67° C. ; after exposure for 
several hours to a temperature of 101° C. it assumes on cooling the 
consistence of hard Tolu balsam. The “ propolis balsam ” is described 
as a syrupy, golden yellow fluid, having a strongly aromatic odour. 

If the propolis is melted with the beeswax it imparts a more intense 
colour. For its analysis Ki^stenmacher ^ recommends to boil out tlie 
sample 5 times with twice its weight of 99-8 per cent ^tfeohol (by 
volume). The insoluble portion is subsequently extracted with chloro- 
form, and the final residue weighed. The alcoholic solution on cooling 
yields a precipitate which is washed with absolute alcohol and finally 
with 96 per cent alcohol. The washings and filtrate are separated into 
further fractions by careful dilution of water. Dieterich extracted a 
propolis with low boilipg petroleunf ether and separated the wax and 
balsam by .means of 70 per cent alcohol. This author states that 
propolis contains vanillin, but no cinnamic acid. 

In order to increase the production of honey it has become the 
practice to place artificial combs in the beehives. These combs were 
originally made from genuine beeswax, but with the increased demand 
for beeswax, artificial combs are now being prepared from a mixture 
of beeswax and beeswax substitutes. At first ceresin was used for 
this purpose, but at present paraffin wax has taken its place. When 
such combs, aiter the removal of the honey, are melted down, then 
naturally the resulting wax will contain paraffin wax. Such a product 
must, of course, be looked upon as adulterated. L^itterly stearic acid 
is being used in place of (or admixed with) paraffin wax (see p. 912). 

The expressed wax is as a rule of a yellow or yellowish colour. 
Some commercial waxes, mostly of nopjEuropean origin, have a greenish, 
reddish, or brown colour, even black if the melting out is done carelessly. 

Cuban wax in particular varies from light yellow to black. The chief 

• 

^ Rec. Trav. Chim. des Paijs^Bas, 1903, 139. 

Zeitschr.f. angew. Ckem., 1907, 1688. 

Pharm. Zentralbl, 1907 (48), 929. 

'* Berichte d. Dent, Pharm. Oes., 1911, xxi., 66. 
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sources of origin of beeswax are given in the tables, pp. 909 to 914. 
The crude beeswax, like all other natural products, varies not only with 
the race of the bee and the kind of food it takes, but also with the care a 
exercised in preparing the wax. Thus the wax bbtained from bees who 
frequent pine forests is darker than that obtained from bees who collect 
the pollen from clover. Light coloured wax is considered of higher 
value than dark coloured, inasmuch as the former is bleached more 
readily than the latter. This must, however, not be taken as a general 
rule, as some dark waxes of foreign origin can be easily bleached. 

The crude wax is subjected in wax refining works to a process oP 
purification, followed, if required, by a process of bleaching. 

The purification consists in remelting the wax in pitch pine vessels 
over boiling water so that the impurities (dirt, etc.) may settle out. 
In order to accelerate the settling process, and with a view to obviating 
as far as possible the troublesome emulsion which forms between the 
a([ucous and the wax layers, dilute sulphuric acid is frequently added 
to the water over which the wax is heated. After thorough boiling and 
agitating, the contents of the vessels are allowed to rest, when clear wax 
rises to the top and is skimmed off to be poured into moulds. Yellow 
wax has the pleasant odour of honey, and is almost tasteless. At low 
temperatures it is brittle, and of fine granular fracture. The observa- 
tion that^ yellow wax becomes white by repeated melting in water and 
by exposure to sunlight has led to the customary process of air bleacli- 
ing ’’ or “ sun bleaching ” yellow wax. It was found by experience 
that the moisture of the air, the intensity of the light, and especially 
the extent of the surface that is exposed to the air, play a very import- 
ant part in the process of bleaching. In order to expose as large a 
surface as possible, the yellow wax is usually converted into ribbons, or 
strips, or granules.^ The wax is also made into flakes by pouring it in 
its melted state on to rollers which are partly immersed in water. It 
has ajso been found by experience that an admixtun^, of 3-5 per cent of 
tallow or of a small quantity of oil of turpentine is capable of accelerating 
the process of air bleaching. It would appear that the oil of turpentine 
acts as an oxygen carrier, inasmuch as it gives rise to the formation of 
hydrogen peroxide, which is used as a bleaching agent in the production 
of white wax (see below). (At the same time the oil of turpentine 
renders the beeswax less friable, cp. Vol. III. “ Wax candles.’') 

Owing to the slowness of the air-bleaching process, other methods 
are employed, such as decolourising by treatment ^vith animal char, 
or with fuller’s eaHh ; ^ purely chemical processes of bleaching, viz. by 
means of hydrogen peroxide, ozone, potassium bichromate and sulphuric 
acid, and by means of sodium hypochlorite, are also frequently resorted 
to. With the improvements in the commercial preparation of ozone, 
it, in the form of ozonised aiiq^'^as been used for bleaching beeswax. 

1 Perhaps an apparatus like Laval's emulsifier may prove useful in coinrniiiuting 

beeswax to granules. ” 

2 Weingartner, French patent 365,556, 1906 ; A. Muller-Jacobs, United States 
patent 883,661. A. Lob, Cheni. Uevue, 1908, 81. 

Ozonair Ltd., English patent 4579, 1906. 
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This method possesses several advantages over the pm'ely chemical pro- 
cesses^ inasmuch as the bleached wax is harder and the danger of 
' charring is obviated. A large plant for this purpose has recently been 
fitted up in Kussia. ^^hereas air-bleached wax is suitable for every pur- 
pose for which wax is used, c"bemically bleached waxes, especially those 
obtained by treatment with potassium bichromate and sulphuric acijj, 
or sodium hypochlorite, are not suitable for best candles. It has 
therefore become a practice in many establishments to combyje the 
jyrocess of chemical bleaching witli air bleaching, by first treating the 
wax with chemicals and then “ finishing it off ” by exposure to light 
and air.^ Chemically bleaching recpiires as much circumspective 
attention to details as in the case of oils and fats. If not carefully 
attended to dark wax results, from wliich the metallic salts cannot be 
washed out readily. Especially dangeroift is bleaching with free 
chlorine, altliougli bleaching with sulphuric acid and potassium chlorate 
has been proposed. 

All waxes do not bleach equally well, much as is the case with many 
individual oils and fats of different origin. Belladi wax is tlie easiest 
to bleach ; it is followed in this respect by Turkish wax, Chilian wax, 
and Smyrna wax. Gambia wax is not bleached satisfactorily by air, 
but can be bleached by chemicals. Brazilian wax has not hitherto been 
bleached successfully. Italian waxes are more difficult^'to bleacjh. 
Whereas bleached Belladi wax is white with a blueish tint, other waxes 
give a yellowish tint, or arc of a greenish or greyish hue. The art 
of the wax-bhaiclier consists in selecting and blending the various 
natural products so as to obtain a substance of desired tint, as also 
of the desired hardness by mixing Jiard and soft (such as Mogador) 
waxes. 

Best bleached white wax is of a pure wliite, or slightly yellowish 
colour. It is odourless and tasteless, Jias a higher specific gravity than 
yellow wax, and is more brittle than the latter. It is transpamnt at 
the edges ; its fiaciurii is smooth, and no longer granular. 

Beeswax is not greasy to the touch, but if dropped on paper in the 
melted state it causes a permanent transparent spot. 

Beeswax found in the grave of a Viking queen at Oseberg in Norway, 
probably dating from A.D. 800, showed the following characteristics (as 
recorded by Sebelien : — 


Specific gravity at 15° C. 
Molting point, ° T. . 
Acid value 
Saponification value . 
Ratio number 
Iodine value . 


. 0-902 

. 63 
. 16-6 
. 95-34 
. . .. 4-74 

. 66-02 


1 The bleaching of wax by an was piactised by the aiuient Greeks and Konians. 
describes lileached wax as “eera piinica.” A description of the process of con- 
verting bccsw.ax into rfiilions and bleaeliing by exposure to air and light is given by 

Bio ftco rides. 

^ ZeitscJir. f. lOKjew. 1913 , 689 . 
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Beeswax ^ consists chiefly of a mixture of crude cerotic acid ^ and 
myricin (melissyl [myricyl] palndtate). It also contains, in small 
quantities, free melissic acid, Cg0HgoO2 (or CgiH^gOg), myricyl dlcohol 
(Schwalb)^ uncombined cetyl alcoholy and anothk alcohol of unknown 
composition (perhaps psyllostearyl alcolfol found by Sundwick^ in 
b^ble bees’ wax). Berg found upwards of 0’6 per cent of cholesterin 
esters. Small quantities of unsaturated fatty acids have also been 
isolated. Hydrocarbons also are normal constituents of beeswax. 
Schwath isolated two hydrocarbons ‘.—heptacosane, C27H5g, melting at 
60-5° C., and hentriacoritaney C 3 jHq 4 , melting at 67° C. * 

With regard to the proportion of hydrocarbons in beeswax the 
earlier statement made by Schwalhy who found 5-6 per cent, is erroneous ; 
for A. and P. Buisine obtained from 12*7 to 13-0 per cent of hydro- 
carbons. These belong partly to the ethylene series. Mangold^ 
confirmed Buisine's results. Kehler found 12‘5-14*5 per cent, More 
recently Hett and Ahrens obtained from 12-8 to 17-35 per cent of hydro- 
carbons (cp. p. 910). The Indian beeswaxes (“ Ghedda waxes”) 
contain on an average only 8*6 per cent of hydrocarbons. The melting 
points and iodine values of the hydrocarbons contained in pure beeswax 
are collated in the following table 


0 ((., 

Molting Point 

Iodine Value. 

Observer. 

‘C. 



49-6 

22-05 

A. and P. Buisine 

51-0 j 

22-5 

Mangold 

55-2 

20-1 

Ahrens and Hett 


Ev^gler ® found a 5 per cent cWroform solution of yellow beeswax 
to rotate the plane of polarised light to the right (10-15° in a 200 mm. 
tube in a saccharimeter). 

Beeswax is almost insoluble in cold alcohol. Boiling alcohol dis- 
solves the bulk of the cerotic acid and a small quantity of myricin 
The alcoholic solution reddens blue litmus paper faintly ; a solution 
of phenolphthalein %ade just pink by a trace of alkali is, however, 
instantly decolourised. On cooling, the cerotic acid separates out so 
completely (m the form of thin needles) that the alcoholic solution does 
not become turbid on adding water, a slight opalescence only being 
noticeable. 

1 Brodie, Lid)ig8 A^inah, 67, 180 ; 71, 144. Schalfejeir, Berichte, 1872 (9), 278 ; 
1688 Nafzger, LiebujftAnnlU.y 224, 225; Schwalb, ibid., 235, 106. Marie, Journ. 
iioc. Chem. Ind.y 1894, 207 ; 1895, 599 ; 1896, 362. 

2 Containing about 30-40 per cent of homologous acids (Marie). The melting point 
of the isolated"* and recrystallised “cerotic” acid is given by various observers as 
78'’-79‘’ C. 

3 According to Gascard {Journ, • Soc. Chm. Ind., 1893, 955) the myricyl alcohol 
from beeswax is identical with that from camaiiba wax and has the formula C 3 iH^ 40 . 

* Zeitschr.f. phys. Cheni., 1907, 63 , 563. ® Journ. Soc. Chm, Ind,, 1891, 861. 

' 6 Chem. Zdi,, 1906, 711. 
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Pure beeswax is soluble in chloroform. The best solvent for beeswax 
is caijDon tetrachloride. 

Warm ether dissolves beeswax readily ; on cooling, however, a portion 
of the dissolved wax 8epar|ites out. According to Rohineaudy^ only 
50 per cent of beeswax are dissolved by ether at the ordinary tempera- 
ture. Experiments made by Buchner^ showed that after allowing 
beeswax to stand with ether at the ordinary temperature, and washing 
the insoluble portion, a deep yellow ethereal solution was obt^bicd, 
^ whereas a white mass remained undissolved. The ether-soluble portion 
represented 30 per cent, the ether-insoluble portion 70 per cent of the 
original wax. The following table indicates the difference in com- 
position of the soluble and the insoluble portions : — 



Acid Value 

I. 

S.ipmiiflciAiuii 

Value. 

II. 

Dillereiice. 

IM. 

llatio Number. 

Original beeswax . 

19-5 

96-2 

76-7 

3*93 

Ether-soluble portion . 

40 

83-8 

43 8 

1-906 

Ether-insoluble portion 

117 

99 1 

87 T, 

i 

7-5 

^ 


From these numbers the conclusion must be drawn that the major 
portion of cerotic acid, colouring matters, and hydrocarbons, together 
with the minor portion of the wax esters, pass into the ether. The 
etlicr-insoluble substance contains, therefore, a small quantity of cerotic 
acid and the main portion of the wax esters. Beeswax dissolves in 
hot benzene, but at 20'^ C. a considerable portion separates out, even 
from a 1 per cent solution of beeswax in benzene. 

The free cerotic acid cannot be extracted from beeswax by treatment 
with sodium carbonate or caustic alkali, as the resulting soap solution 
forms with the beeswax esters a complete emulsion which does not 
separate, even after many months’ standing (similarly as in the case of 
wool wax). » 

On distilling beeswax with lime an oil passes over (beeswax oil ^), 
the specific gravity of which varies from 0-74 to 0-79. On subjecting 
beeswax to destructive distillation Greshqff and Sack ^ obtained an oily 
distillate which separated into a solid and a liquid porti^. The liquid 
portion contained a hydrocarbon of the compositicjp The solid 

portion still contained undecomposed wax, and gave, after saponifica- 
tion, a solid fatty acid of the melting point 63° C. The unsaponifiable 
matter contained a hydrocarbon having the composition 0 ,,iH 2 n and 
melting at 56° C. 

Eckecra^Uz and Lundstrbm^ resolved the product into (1) hydrocarbons 

^ Dingl. Pobjt. Journ., 1862, 60. 

“ Oiem. Zeit.y 1907, 671. 

3 Ettling, Liebigs AnnaL (1832), 2, 225 ; Poleck, Luhig's Annal, 1848 (67), 174 : 
Brodie, ihUL, 1849 (71), 144 ; Journ. Ohem. Ind- 189.^- lOfiO. 

^ Rec. Trav. Chim. des Pays-BaSy 1901, 76. 

•’ Arch. d. PJoarm.y WIO (248), 600. 
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volatile in a current of steam ; these appear to consist of hydrocarbons 
ranging from CjoHgo up to ; ( 2 ) liquid hydrocarbons, no longer 
volatilisable in a current of steam, consisting of hydrocarbons ranging 
from C;^gH 32 to C 27 H 54 ; and (3) a solid saturated hydrocarbon of the 
composition C 29 HgQ (Nonolmsane). The solid hydrocarbon forms the 
of the wax oil. 

Beeswax is very frequently adulterated. Water and mineral matters 
(such as ochre, gypsum, etc.), hho flour and starch, are easily detected. 
Fraudulent admixture with tallow, Japan wax, stearic acid, paraffin wax* 
and ceresin, colophony {rosin), spermaceti, carnauha wax, insect wax, and 
wool wax may be detected by the methods described below. 

Previous to the detailed examination by physical and chemical tests, 
the sample of crude beeswax should be boiled with water (to remove 
honey) and filtered in a water oven. Gross adulterants, such as mineral 
matters, are thus easily detected and determined quantitatively. The 
determination of water should not be omitted. 

A preliminary test for the detection of adulterants consists in 
dissolving the sample in chloroform {Long^). Since ceresin, paraffin 
wax, carnauba wax, and wool wax are not completely soluble in this 
menstruum, considerable quantities of the latter may thus be detected 
qualitative^^. It should, however, be borne in mind, that bleached 
(white) beeswax is not readily soluble in chloroform (Dieterich ^). 

As a preliminary test to which the filtered wax may be submitted, 
refractometric examination has been recommended by Prosio, Marp- 
mann, Werder,^ and later by Berg.^ Owing to the high melting point 
of the wax, the refraction should J)e determined at 75'^-80° C. Since 
the melting point of most beeswaxes lies above 65° C., the numbers 
recorded in the literature on this subject for a temperature of 62° C. 
have been omitted in this work, being open to serious doubts. The 
figures given in the table have been determined at 84° C., but were 
reduced by calculation to 40° 0. (Berg), (The numbers actually 
observed have not been published. ) Considerable quantities of carnauba 
wax* colophony, ceresin, paraffin wax, and stearic acid, can be pre* 
liminarily detected by the refractometric method, as will be seen from 
the following numbers : — 

Butyro-refractometer. 

Scale Divisions at 84® C., 

j oalculiTbed to 40® C. 

Commer(^al stearic acid . . . 29'8-33 3 

Japan wax ..... 47'649-7 

Carnaiiba wax ..... C5-7-()9 

Beeswax ..... 42-9-45-6 

As a further^ preliminary test the speeijk gravity of the sample" should 
be taken. The numbers recordt^d in the table (p. 920) will afford the 
necessary guidance. Of course, the specific gravity^ test alone does 

1 Chem. ZtiL, 9, 1504. • ^ ^ 1393^ 73O . 1993, §08. 

» Ibid., 1898, 58. * Ibid., 1903, 762. 

® Mastbauni {Zedschr. f. anal. Chem., 1902, 929) recommends a special contrivance 
for t/ie dcteniiination of the specific gi’avity. , 
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not give a final answer as to purity, since artificial compounds (sec 
belowj can easily be prepared so as to exhibit the specific gravity ot 
a genuine beeswax. ^ 

The meitmg point of the sample should also be taken, although this 
test, either alone or in conjunction with the specific gi*avity, does not 
afford decisive information, inasmuch as mixtures having the speci^c 
gravity as also the melting point of genuine beeswax can be readily 
prepared, ^ ^ 

The French codex in 1908 specifies the following test *1 grm. 
of the sample is boiled for 30 minutes with 35 c.c. of a 15 per cent 
aqueous solution of sodium hydroxide, the water lost by evaporation 
being replaced. Tlie liquid is then cooled and strained through ab- 
sorbent cotton ; on the addition of hydrochloric acid no precipitate 
should be obtained. This tCvSt is said to indicate admixture with glycer- 
ides, resins, and other waxes. Le states, however, that this 

method is defective. 

. Stoeher ^ recommends the determination of the flash point (open test) 
as lie found in the eleven samples of pure beeswax values lying between 
242 and 250° C., whereas most adulterants flash below 2(X)° 0. with the 
exception of carnaiiba wax which flashes at 310° C. A mij^ture of 90 
parts carnaiiba wax and 10 parts ceresin has a flash poinf like tliat of 
beeswax.^ 

Most important clues for the detection of adulteration are furnished 
])y tlie determination of the acid value and of the saponijimtion value. 

The determination of the acid value is carried out m the usual manner 
(described Vol. I. Chap. VI.), by warming 3 to 4 grins, of the sample 
witli 20 c.c. of 96 per cent alcohol in a flask until the wax is melted, 
distiibuting the wax by shaking, and titrating with standardised (about 
half-normal) alcoholic potash, phenolphthalein being the indicator. 
Care must be taken Dial the wax remains in a melted state during the 
operation. If the solution is diluted with a large quantity of alcohol 
and kept liot, the acid value may also be determined with half-normal 
aipieous alkali. 

Tlie determination of the saponification value should be carried out 
witli a separate quantity of wax, as unless strongest alcohol has been 
used in the determination of the acid value, the saponification of the 
wax is not easily completed. It has been pointed ou^ already that 
waxes are not saponified with the same facility are oils and fats. 
The difficulties encountered by some analysts in saponifying beeswax 
have led to a number of proposed modifications, which are altogether 
unnecessary if the saponification be carried out with strongest alcohol, 
not containing more than 3 to 4 per cent of water. The wax should be 
saponified with alcoholic potash prepai;ed with alcohol of at least 96 per 
cent strength. Even then the saponification cannot be considered, as 
complete after half an hour, as experiments instituted in the author’s 

^ Ann. Chim. analyt., 1909, 369. 

- Vhem. Zeit , 1909, 146. V 
Stockrer, Chem. Zeit., 1909l^^l275. 
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laboratory showed that after that time saponification values of only 
60 were obtained, whereas if the wax was boiled with alcoholic potasn 
over free fire for an hour complete saponificatio;! was eSected.^ It is 
advisable before titrating back with acid to add 30-40 per cent of 
alcohol. Complete saponification is still more readily reached by 
employing sodium alcoholate (cp. Vol. 1. Chap. II.). , 

Henriques^ process of cold saponification does not offer any ad- 
vantage. The employment of caustic soda causes difficulties, the soda 
soaps of beeswax fatty acids being less readily soluble than the potassium 
salts. Indeed, Henriques later on modified his method by proposing to 
use petroleum ether of a boiling point of not less than 120° C., and to 
boil the solution of wax in such petroleum ether with alcoholic caustic 
soda, previous to allowing to stand. The necessity of operating with a 
boiling solution entirely disposes of the possibility of saponifying “ in 
the cold.” It may, however, be added that correct results can be 
obtained by first boiling and then allowing to stand. 

Buchner ^ recommends to boil in an Erlenmeyer flask attached' to 
a Soxhlet extractor, so that concentration of the alcohol may tak,^ 
place intermittently. 

In pui’f. beeswax the amount of free fatty acid stands in a definite 
proportion fb the amount present in the form of combined esters. This 
was pointed out first by Hehnety^ and independently and almost simul- 
taneously by Huhl^ Hehner calculated the amount of alkali used for 
determining the free fatty acids to “ cerotic ” ^ acid, on the assumption 
that 1 c.c. of normal KOH neutralises 0410 grms. of* free acid. The 
alkali used for the saponification ® pf the neutral esters — i.e, the differ- 
ence between the saponification value and the acid value~was calcu- 
lated by him to “ myricin,” ^ on the assumption that 1 c.c. of normal 
KOH saponifies 0*676 grm. of myeicin. 

10*1110 following table a number of Hehner^ s analyses are collated : — 


Mt 13 unnecessary to boil 4*8 hours, as recommended by Berg. In order to carry 
out the sapoiiitication at a higlier temperature Eichhorn {Zeiischr.f. anal. Chm..^ 1900, 39, 
640) employs amyl alcohol as a solvent. Of course, the amyl alcohol must be pure, i.e. 
must not coutam free acid nor esters, nor basic substances. Cp. also Berg, L'hcvi. Ze'it., 
1909, 886. 

Chem..Zeil., 1905, 332. ^ Analyst, 1883, 16. 

* Dmgl. Polvt. Journ., 1883 (249), 338. 

The inverted commas do not occur in the original paper ; they have been added 
here by the author in ofJer to avoid confusion with the chemical individuals cerotic acid 
and myncin. 

® Becker {Zeitschr.f. analyt. Chem., 19, 241) was the first to employ saponification 
in the examination of beeswax. 
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' Kind of Wax. 

“ Cerotic Acid. ” 

“ Myrlcln.” 

ToUl. 


Per cent. 

Per cent. 

Per cent. 

Wax from Hertfordshire . .* 

14*35 

88*55 

102*90 


14*86 

85*95 • 

100*81 

„ Surrey’ . 

13*22 

86*0*2 

99*24 » 

,, Lincolnshire . 

13*56 

88*16 

101*72 

,, Buckinghamshire . 

14*64 

87*10 

101*74 

,, Hertfordshire . 

15*02 

88*83 

1031^5 

,, New Forest 

14*92 

89*87 

104*79 

,, Lincolnshire 

15*49 

9*2*08 

107*67 

,, Buckinghamshire 

16*71 

89*02 

104*78 

,, America . 

15*16 

88*09 

103*26 

,, Madagascar 

13*56 

88*11 

101*67 

,, Mauritius 

13*01 

88*28 

101*82 


12*17 

95*68 

107*86 


13*72 

96*02 

109*74 

,, Jamaica . 

13*49 

85*12 

98 61 


14*30 

85*78 

100*08 

,, Mogadore 

13*44 

89*00 

102*44 

,, ’ Melbourne 

13*92 

89 **24 

103*16 


13*18 

87*47 

100*65 

\\ Sydney . 

13*06 

92*79 

105 *85 

• I M • * • 

13*16 

88*62 

101*78 


^ • 

Huhl expressed the results of the examination of beeswax by simply 
stating the acid value and the saponification value in terms of mgrms. 
KOH (cp. Vol. I. Chap. VI.). The acid values of a number of samples 
of yellow wax were found by Hiihl from 19 to 21, mostly 20 ; and the 
saponification values from 92 to 97, mostly 95. Hiihl, being of the 
opinion that as a rule the higher and lower values occur simultaneously, 
assumed that the amount of free fatty acids stood in a definite — almost 
constant — ^ratio to the amount of esters. He therefore brought the 
amount of alkali required for neutralising the free acid— i.e. the acid 
value- — into numerical relation to the amount of alkali required to 
saponify the neutral esters. The difference between the saponification 
and the acid value was termed by him “ ether value.” (For reasons 
stated Vol. I. Chap. VL, the term “ ether value ” or “ ester value ” has 
been abandoned in this work.) This ratio is 20:75 = 3*75 (75 being 
the difference between the saponification value, 95, and the acid value, 
20). Hiihl found in a number of beeswaxes that this “ ratio* number ” 
varied between 3*6 and 3*8, and he therefore assumed that a beeswax, 
the “ ratio number ” of which deviates much from^*7, must be looked 
upon as adulterated. 

From Hehier's numbers given above the “ ratio number ” 3*9 can 
be calculated; this is in satisfactory agreement with HilhVs ratio 
number 3*75. 

Hehner’s mode of expressing the r^ults in terms of “ cerotic ” acid 
and myricin ” is not adopted in this work, and should be abandoned 
as resting on assumptions, the correctness of which cannot be admitted 
at present. It may be conceded that the mean molecular weight of 
“IIO for “ cerotic ” acid of beeswax (theory 396 for cerotic acid) is quite 
admissible, for the ifuthor actually found in several experiments the 
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molecular weights of the isolated acids to be from 405 '6 to 419. But 
the calculation of the alkali used for saponification of the neutral^ esters 
to myricin is not permissible since the proportions of hydrocarbons in ^ 
“ normal ” beeswaxes have been shown to^reach as high a percentage as 
13 to 17 per cent. Hence the numbers calculated for “ myricin 
include, besides true myricin, varying amounts of hydrocarbons, so 
that the average number “ 88 ” given for “ myricin ” would represent 
only ^out 73 to 75 per cent of true myricin and 15 to 13 per cent of 
hydrocarbons, provided no free alcohols (see above, p. 900) were^ 
present. It need hardly be pointed out that the definite iodine value 
of beeswax entirely precludes the assumption that myricin alone, or 
even a mixture of myricin and free myricyl and ceryl-alcohols alone, 
occurs in the neutral portion of beebwax. 

HuhVs numbers, on tl?e contrary, merely express analytical data, 
such as are found by direct experiment. HiihVs “ratio number” 
introduces no further assumption, since it is derived from the data 
obtained by two titrations. 

Ryan} independently of Hehner, proposes a method based on the 
assumption that the molecular weight of cerotic acid is higher than 
that of any other free acid that may occur in mixtures. The method is 
as follows: — 4 grms. of the wax are heated with 60 c.c. of neutral 
absolute alcohol and titrated with half normal alcoholic potash. The 
alcoholic mixture is mixed with 40 grms. of dry sand, and evaporated 
to dryness. The residue is extracted with petroleum ether and the 
extract dried and weighed. The difference between 100 and this weight 
gives the percentage of free acids, and from these figures their acid value 
can be calculated. Assuming tlu^t the acids other than cerotic are 
palmitic and stearic, the amount of cerotic acid can be calculated, and 
from that figure the amount of beeswax in the mixture can be approxi- 
mately estimated. The method k’eaks down, however, as Ryan himself 
points out, if montan wax containing montanic acid is present. 

In order to emphasise the importance of the “ ratio number ” for 
the detection of adulteration, I collate in the following table the “ ratio 
numbers ” of some substances that are likely to be used in the adultera- 
tion of beeswax. It should be observed that the acid values arc arlii- 
trarily assumed mean values. 

^ Proc. Royal Dnhlin Soc., 1909, 210. ^ 


[Tabi^e 
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1 

2 


4 

Substance. ^ 

Acid Value. 

• 

Sai)oriification 

Difrercnco, 

Ratio of 1 .1 


Value. 

‘2-1. 

“ Ratio uunibei. " 

Carnaiiba wax 

■ 2 

80 

78 

39 * 

Japan wax . 

20 

227 

207 

10-8 

Insect wax . 

3 

80 4 

77-4 

29.1 

Spermaceti . 

Ti’cicos 

130 

130 

Myrtle wax . 

3 

208 

205 

68-3 

Tallow . . 

4 

195 

191 

48 

Stearic acid, pure 

195 

195 

^ 1 


,, ,, commercial 

Roain, Austrian . 

200 

200 

0 1 


130-146 

146-8-167-1 

16 4-21-1 1 

0-126-0-144 

,, American . 
Galipot .... 

154-1-164-6 

183-6-194 

29 5-30-0 

0-191-0-182 

138 

174-6* 

36-1 

0-261 

Paraffin wax, ceresiu ’ . 

0 

0 

0 



Buchner and Fischer state tliat Giiedda wax may be differentiated 
from tbe wax of Afis mellifica, not only by the low proportion of free 
acids and correspondingly high amount of esters (ratio number), but 
also by tlie fact that Ghedda wax contains only one alcohol, namely, 
ceryl alcohol in contradistinction to the ordinary beeswax ia •which the 
alcoholic constituents consist chiefly of myricyl alcohol with a little 
ceryl alcohol. 

This is confirmed by Buchner and Dechert, who determined the 
acetyl value by the mixed alcohols and hydrocarbons. These authors 
state that the acetyl value of the unsaponifiable matter from ordinary 
beeswax is fau'ly constant at aboift 122. The acetyl value of pure 
eery] alcohol is 132-3, and that of myricyl alcohol 116-9 (cp. Vol. 1., 
p.43]). 

Fischer ^ further states that the analytical limits for Ghedda wax 
must be allowed greater latitude than for the wax of Apis mellifica. 
According to Emmanuel^ the ratio numbers of beeswaxes from 
Greece are slightly higher than the normal. 

Like the East Indian waxes, the beeswaxes from China and Japan 
show a low acid value and a correspondingly high ratio number. These 
Japanese and Chinese waxes are of better quality, showing evidence of 
more care being used in their preparation than is the case wilh Indian 
waxes. They arc also more readily bleached by sunlightf 

According to Fischer ^ the waxes from China anfl Japan frequently 
contain paraffin wax. According to the same author the persistent 
emulsions obtained in the treatment of Indian beeswax is due to the 
borax which has been used in their purific*itio». These waxes are 
sometimes adulterated with “ rosin wax,” i.e. a mixture t)f colophony 
and paraffin wax. For the detection df these adulterants, see j3elow, 

’ Commeij^ial parallins or ceresiiis, however, may have a definite acid value. 

ZviUchr. f. bfjhitl. Chem., 1913, 147. 

3 Ihid., 1913, 354. 

Berichte d. Dent. Plia.rm. Qes.y 1913, vi. 

•’ Zeitschr.J. offenil^Chem., 1913, 473. 
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pp. 923; 924. East Indian wax invariably contains some proportion 
of the wax froija the Indian Dammar bee, Trigona laeviceps, cp. p. 916. 

The acid and saponification values, the me^ns of which have been ^ 
given already, as also the “ratio numljeis,’’ are fairly constant for 
genuine beeswaxes collected from all parts of the world with the excep- 
tion of those from India and China (Annam). This will be gathered 
from the following table, in which I have collated a large number of 
observations, which may be taken as representative of the beeswaxes 
obtainable from the localities named : — 


[Table 
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Most of the “ ratio numbers ” given in the last table lie in the 
neighbourhood of 3*8. From these “ratio numbers” the following 
conclusions may be drawn : If the saponification value of a sample of 
beeswax be below 92, whilst the “ ratio number ” is that of a pure 
beeswax, then 'paraffin wax or ceresin must be present. If the ratio 
number exceeds' 3*8, then an admixture with Japan wax, tallow, insect 
wax, carnaiiba wax, or spermaceti may be suspected. If the acid value 
be much below 20, then Japan wax is absent. If, however, the “ ratio 
number ” is less than 3-8, then “ stearic ” acid or rosin is present. 
From the foregoing table it will, however, be gathered that the “ ration 
number ” is not so constant as has been assumed by Huhl. This is 
especially shown by the analyses of some genuine European waxes 
which I collate in the following table : — 



1 

2 

8 

* '1 


Origin of Beeswax. 

Acid Value. 

Saponifica- 
tion Value. 

Difference. 

2-1. 

^‘llatlo . 
Number." 

Obsej^ver. 

Hungary . 

23 

90-6 

67 6 

2’89 

Mangold 

Silosia 

do 

92’3 

n-i> 

4’2 *• 

Weinwurm 


It must further be borne in mind that at present artificial combs 
containing stearic acid are being employed in bee-hives. Hence the 
acid value of beeswax ihay be found higher. Beeswaxes obtained from 
such artificial honeycombs gave §cid values ranging from 25 to 26 
(Weinwurm). 

All the foregoing numbers refer to yellow wax. Through bleaching, 
the yellow wax undergoes some <;hanges which cause great deviations 
from Vhe normal acid and saponification values. This is illustrated 
by the numbers I have collated in the following table. They show the 
changes which' occur in the physical and chemical characteristics of 
yellow wax on being bleached by various methods. (Cp. also table, 
p. 920.) 


Table 



*IV 


BEESWAX 





“ Ratio numbers ” difEering enormoUsly from those given above 
are found in Indian and Chinese (Annamite) waxes. ^ 

A number of analyses of such beeswaxes are collated in the following 


table : — 
VOL. il 


3n 
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Ghedda wax differs from ordinary beeswax by a characteristic 
toughness and plasticity as also by a lower solidifying point .w^hicli 
lies between 59-58-5°. 

Ghedda wax differs also chemically from bteiw^ax in that it only 
contains one alcohol, viz. ceryl alcohol, wliich occurs in the form of an 
^ter, whereas the ordinary beeswax contains chiefly myricyl alcohol 
and very little ceryl alcohol. The Ghe^a wax appears also to differ 
from pydinary bekwax by containing other fatty acids, as will be shown 
by Lipj) and Kuhn in future publication. 

The hydrocarbons in Ghedda wax melt between 62°-70° C. Lipp^ 
and Kuhn ^ isolated a hydrocarbon melting at 70° 0. probably having 
the composition C 3 QHg 4 . A second hydrocarbon was isolated melting 
at 63-5° C., and a third melting at 58-0° C., having probably the com- 
position C 2 gH^. ' 

Ghedda wax responds readily to the ordinary bleaching agents. 
This wax has a lower acid value and a correspondingly higher ratio 
number than ordinary beeswax (cp. Buchner and Fischer)} 

lApp and Kiihn found acid values varying from 5 to 7-5, and ester 
values from 86-92 in a number of samples. 

These beeswaxes were considered as “ abnormal ’’ since no adulter- 
ants coul^J ^be detected by the usual tests. It can, however, not be 
doubted that the w^axes from Apis florea, A. dorsata,^md. A. indica^ 
enumerated in the last table, are genuine products of the bee. The 
so-called black wax of Burma,^ termed locally “ Pwc-nyet,” is a product 
of a stingless bee Trigona laeviceps, Smith (Melipona laeviceps, Dali), 
the Indian Dammar bee. Owing to either the inability of the bee to 
excrete ordinary beeswax, or to ^ the quantity of the wax excreted 
being insufficient for the building of a proper hive, or because the 
quality of the wax excreted is such that a hive cannot be built from it, 
the “ Pwe-nyet ” seems to be a n^ixture of such beeswax as the Trigona 
speciejj excrete, with dammar resins. In fact the term Pwe-nyet is 
applied to both the bees’ secretion and to dammar resins obtained from 
the several 8l)ecies of Dipterocarpus, Shorea, Hopea, Vateria^ and 
Camrium. The exterior portions of the nest consist of a resinous 
material the composition of which agrees in many respects with the dry 
resin of Dipterocarpus iuberculalus. The beeswax from Apis dorsala, 
described last in the foregoing table, is of undoubted genuineness ; it 
was forwarded to the author by D. Hooper from Calcutta as wax 
separated from the comb of the Apis dorsata from Saharanpur, United 
Provinces. Some^of those waxes (sold as Chinese) seem to be mixtures 
of genuine beeswax with (Chinese) insect wax. At least, in the case of 
a sample of Chines^ beeswax submitted to me for examination I was 
able to prove that adulteration with (Chinese) insect wax had taken 
place. The numbers obtained, in the course of the usual examination 
are given in the following table : — 


^ Jiturn. f. pmkt. Chem.^ 1912 (86), 184. 
2 Zeitschr.f. offentl. Cfiem., 1913, 147. 
D. Hooper, Agric, Ledger, 1909, 01. 
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Specific Giavity 
at 15°. 

Acid Value. 

Sai>onilication 

Value. 

“ Ratio 
Number.’’; 

Iodine 

\aluc. 

0 9392 

f 

87 ‘62 

8-73 

n M 

At m\ 

f 







• 




Buchner ^ found two samples from Spain and Italy to have ratio 
numbers from 2-9 to 3-1, and suggests that t]iey may both liave come in 
the first place from Africa. 

Normal acid and saponification values alone do not furnish sufficient 
proof of the purity of a beeswax, as it is easy to prepare mixtm’es having 
a normal “ ratio number ” and yet containing no beeswax whatever. 
This will be gathered from the following table, which gives the acid and 
saponification values for a mixture consisting of 37‘5 parts of Japan 
wax, 6-5 parts of stearic acid, and 5G parts of ceresin or paraffin wax. 



1 

’> 

5 



6 

7 

8 

0 



Siipoiii- 

llcation 

Value 

Diflcr- 

once, 

2-1.. 

“Ratio 

Num- 

ber.” 



Conditioning 



Acid 

Value 

Parts in 
100. 

Acid 

Value. 

Saponi- 

fication 

Value. 

DiffeT- 

ence, 

7-0. 

” Ibttio 
Num- 
ber.” 

Japan wax 

20 

220 

200 

,10 

37 5 

7-5 1 

84 ’6 

75 

10 

“Stearic” acid 

195 

195 

0 


65 

12 7 

12‘7 

O* 


Cciebiii, paiadin wax 

0 

0 

0 


56 0 

0 

•0 

0 


Mixture . 




1 


20 2 

95-2 

76 

371 


The ratio number of this mixture would be 3-71. It is evident that 
indefinite quantities of the above mixture, or of a^similarly prepared 
one, might be added to beeswax without being detected by merely 
ascertaining the acid and saponification values.^ 


The determination of the iodine \ialue is of somewhat secondary 
importance in the examination of beeswax ; still, it will assist In the 


^ Zeitschr. f. offcntl. Chein., 1912, 90. 

2 As a rnlt* sucli mij;turcs — known under the name “Composition waxes” — are 
coloured by the addition of colouring matter. P. Lemaire, Bull. Soc. Pharmf de 
Bordeaux, June 1904, suggests several methods for the detection of colouring matters, 
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interpretation of the results obtained by other methods, and in the 
detection of certain impurities.^ 


In doubtful cases further examination js reqilired, and the following 
tests are recommended : — 

( Detection and Determination of Glycerides .'^ — Although in most cases 
the presence of glycerides will be detected by a higher saponification 
valueothan the normal one, still, small quantities may be introduced by 
means of a judiciously prepared mixture of glycerides, stearic acid, and, 
paraffin wax or ceresin. The absence of glycerides can only then be 
pronounced upon with certainty if no glycerol is found. The safest 
plan is to determine the amount of glycerol quantitatively by working 
with at least 20 grms. of the suspected wax. The qualitative test for 
glycerol is too delicate, since small quantities, such as 2 to 3 per cent 
of a glyceride, which may have been admixed with a yellow wax before 
bleaching (as is usually done on a manufacturing scale), may give a 
positive reaction in the acrolein test, and thus lead to erroneous con- 
clusions. The acrolein test must therefore be confirmed by quantitative 
tests. The amount of glycerol multiplied by 10 gives approximately 
the percentage of added glyceride. 

Buchntr( 3 teLtes that traces of glycerides can be detected in pure 
beeswaxes. 

Detection of Stearic Acid . — A considerable quantity of “ stearic acid ” 
is readily detected by a high acid value of the sample, provided no 
compensating substances like ceresin and paraffin wax have been 
added. It should be borne in mind that colophony also raises the 
acid value (for the detection pf resin, see below). If in consequence 
of added paraffin wax or ceresin a normal acid value has been found, 
and yet stearic acid be suspected, then one of the following methods 
must be resorted to. They are lit'ased on the principle that on treating 
a sample with boiling alcohol any stearic acid present will be dissolved 
together with cerotic acid, but will not separate out so completely as 
the latter does on coofing. The following process has been suggested 
by Fehling,^ and recommended by Rottger ^ : 1 grm. of the sample is 
boiled for a few minutes with 10 c.c. of 80 per cent alcohol ; after 
cooling, the alcoholic solution is filtered and the filtrate mixed with 
water. Tn the case of a pure beeswax the liqu\d is perfectly clear, or is 
only slightly opalescent, but in case of adulteration with stearic acid, 
the liquid loses it| transparency, and flocks of separated stearic acid 
rise to the top. This reaction is plainly perceptible even if the added 
stearic acid be as little as 1 per cent. It should be borne in mind that 
rosin also, if present, » will ^e dissolved, and give an emulsion with water. 


^ Accordiiig to D. Hooper [Agricultural Ledger, 1904, No. 7), in one district of the 
Puiijalj(the strained wax is intermixed with one-eighth of its weight of sesamt^ oil before 
it«i8 made into lumps for the market. 

^ Thenard proposed to detect gl^ycerides in beeswax by isolating sebacic acid from 
the products of dry distillation (cp. Liebig's Annal., 1840 (35), 194). For a method 
depending on the colouration with copper sulphate cp. Pharm. Weekblad, 

1911, 479. 

^ Dingl. Polyt. Joam., 147, 227. ^ Journ. ^oc. Chem. Ind., 1890, 771. 
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Jmn ^ endeavours to determine stearic acid quantitatively hy 
heating 3 to 4 g^ms. of the sample with 60 c.c, of 96 per cent alcohol 
to boiling, allowing the solution to cool, and titrating with halhnormal 
alkali; using phenol^hthal^in as an indicator. The alkali used is 
calculated to stearic acid. 

In the presence of rosin the determination would include the amoi^^t 
of alkali required to neutralise the rosin acids. 

A combination of these two tests has been more fully worked^ut by 
, Buchner!^ He proceeds in the following manner : 5 grms. of the 
sample are placed in a round-bottomed flask and 100 c.c. of 80 per cent 
alcohol (prepared from 850 c.c. of 96 per cent alcohol and 190 c.c. of 
water) are added. The total weight of the flask and contents is then 
ascertained. Next the contents of the flask are heated until the mass 
boils gently and are kept at this tempe^‘ature for 5 minutes, with 
frequent shaking. The flask is then immersed in cold water whilst 
being constantly shaken and allowed to cool down to the ordinary 
temperature. The flask is weighed again and brought up to the original 
weight by the addition of 80 per cent alcohol. The liquid is then filtered 
through a plaited filter, and 50 c.c. of the filtrate ate titrated with 
normal alcoholic potash, phenolphthalein being used as an indicator. 
^By proceeding in this manner Buchner obtained the ^Mowing acid 
values 



c.c. 4 norm. 
KOn. required 
for acids soluble 
in 80 per cent 
alcohol. 60 c.c. 
of alcohol from 

5 grms. of sub- 
stance. 

Pure beeswax, yellow ...... 

3 fi-IM) 

n white ...... 

3741 

Palm wax . . . . ^ . . 

1-7.P8 

('arnauba wax . . . . 

0'7G-0-87 

Japan tallow (Japan wax) 

14-9;fl5-3 

Rosin . . . . . . • , . 

1503 

8tearie aeid ^ . . .... 

65-8 

Tallow “ steanne ” 

M 

“ Artificial waxes,” having the “ ratio numbers ” of normal 


beeswax — 


I. Consisting of stearic acid, tallow stearine, and ceresin 

21-40 

II. Consisting of stearic acid, Japan tallow, and ceresin * 

17-80 

III. Consisting of rosin, tallow stearine, and ceresi# 

22-0 

Pure beeswax, mixed with 25 per cent “ Artificial wax ” I. 

8-4 

„ „ „ 60 „ „ „ II. 

- - .... . ^ ^ ^ 

11-3 


^ Journ, Soc. Cheni. Jnd., 1891, 728. 

'•* Ckem. Zeit., 1895, 1422. • 

^ It must be pointed out that this can only refer to commercial “ stearic ” acid, as tlie 
pure acid exhibits much smaller values. • 


[T^ble 
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Cp. also tables, pp. 909-914. Yellow wax. ^ White wax. ^ Italian waxes not Ligmian. Ligurian wax fr*in Apis Ligustica spinola. 

® Chemically bleached. Air bleached. ® Eleven samples of pure English waxes {Joorn. Pharm., 1897, 308). ® 17 Portuguese ^axes. 

Specific gravity at 100^ (water at 100" = I') = 0-8239 (AichbutS). Chern. Eng., 1912 (15), 211. Melting point 67-2° C. 
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Berg} who examined a very large number of waxes by Buchner’s 
methgd (see table, p. 909), points out that the alcoholic solution made 
up as described above must be allowed to stand 12 hours, as otherwise 
the results are discordtint, and generally too high. Unless a sample be 
allowed to stand 12 hours, tfie acids dissolved by the 80 per cent alcohol 
are found too high by 20 to 30 per cent. It should be further pointed 
out that the detection of stearic acid in bleached waxes, if present od^y 
to the extent of 1 to 3 per cent, is very difficult, as cllemically bleached < 
waxes may retain small amounts of acid substances.^ * 

The author obtained for genuine yellow beeswax smaller numbers 
than did Buchner. Thus a Gambia beeswax required for neutralisation 
of the free acids extracted as descrd)ed above 2-39 c.c. of decinormal 
dlkali ; the isolated acid had the mean molecular weight lOG, whereas 
the same Gambia wax adulterated with vji^ying quantities of stearic 
acid ” required of course much higher amounts of decinormal alkali, 
whilst the mean molecular weights of the isolated fatty acids varied 
from 274-8 to 298-8. In the latter case appreciable amounts of beeswax 
cerotic acid had passed into the alcoholic solution. 

In doubtful cases it appears advisable to use larger quantities, then 
to separate the stearic acid as such,^ and to examine it further. It 
iK'cd hardly be pointed out that commercial stearic acid, sij^h as would 
be used for adulteration, is not pure stearic acid (cp. Vol. III. Chap. 
XVI.). 

Buchner ^ states that on J-,reatIng 3-6 gims. of beeswax after saponi- 
fying and evaporating off the alcoliol with 250 c.c. of boiling water, 
some beeswaxes yield clear solutions, whereas others (East African, 
East Indian (Gliedda)) yield turbi^ solutions or amorphous precipitates. 
Waxes containing paraffin wax also yield turbid solutions, hence it is 
necessary to identify the separated substance. This appears to be 
tantamount to examining the unsaj^nifiable matter. 

Detection of Ceresin and Paraffin Wax . — The examination of Jieeswax 
by the saponification process can only reveal the presence of more than 
10 or 8 per cent of ceresin and (or) paraffin wax, if no* other adulterant 
be present. If the admixture falls below 5 or even below 8 per cent, 
the deviations from the normal acid and saponification values become 
so small that by these two tests alone adulteration cannot be revealed. 

An excellent preffiminary test for the detection of added dceresin and 
paraffin wax down to 3 per cent has been proposed as a^qualitative test 
by Weinwunn.^ This qualitative method is based on the fact that a hot 
aqueous glycerin solution dissolves the unsaponifialfle matter of beeswax, 
whereas ceresin and paraffin wax are insoluble in it. The process is 
carried out as follows —Saponify 5 grms. of the sample with 25 c.c. 
half-normal alcoholic potash (in a 200 c.c. flask), evaporate off the 

^ Chem. Zeif., 1903,754. * 

Thus Medicus and Wallenstein [Zeits. f. Unters. d. Nahrgs- u. GenuKm., 1902, 
1092) showed that the acid value of a beeswax bleached with bichromate and sulphuric 
acid was as high as 24-7 (cp. also table, p. 913).* 

^ Cp. Berg, Ch^m. Zeit., 1908, 779. 

■* Zeihchr f. bffentlTaiem., 1911, 226. 

* Chm. ZciL, 1897, i19. 
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alcohol completely, add 20 c.c. of concentrated glycerin, heat on the 
water-bath until solution is effected, and then run in 100 c.c. of boiling 
water. Pure beeswax gives a more or less clear, transparent, or trans- 
lucent mass, through which ordinary print can be read easily. If 5 per 
cent of hydrocarbons are admixed, the solution is cloudy, and the print 
is no longer legible ; in the case of an admixture of 8 per cent of hydro- 
carbons a precipitate is obtained. 

I hj^ve examined this process in my laboratory, and can recommend 
it as a rehable preliminary test for fure beeswax. Turbidity of the^ 
solution does not, however, solely indicate the presence of added ceresin 
or paraffin wax, since carnailba wax and insect wax also give a turbid 
solution. Mixtures prepared from pure beeswax and carnaiiba wax, 
as also mixtures from pure beeswax and (Chinese) insect wax, give rfs 
strong a turbidity as does pure beeswax containing 5 per cent of added 
paraffin wax (LewJcowitsch). Beeswax from Apis dorsata remains clear 
in the Weinwurm test (Lewlowitsch). Berg^ states, however, that 
some East Asiatic and South Asiatic beeswaxes containing considerable 
amounts of melissyl (myricyl) alcohol almost invariably give a turbidity 
in Weinwurm' s test. 

In doubtful cases it is best to prepare for guidance solutions made 
up with pvrf beeswax and with mixtures thereof and the suspected 
adulterant. * 

SoJcolqff^ suggests the determination of the heat of combustion of 
the sample as a method of detecting small quantities of paraffin wax. 
Genuine beeswaxes give a heat of combustion of 10,312 calories, whereas 
paraffin and ceresin gave on an average 11,234 calories. Evidently 
this method is a very cumbersoijie one, and cannot therefore be 
recommended. 

The specific gravity test will ^ily reveal considerable quantities of 
added ceresin and paraffin wax, and therefore discriminative importance 
cannot be assigned to it. In special cases, however, the following 
tables may provt of some little value - 


Specific Gravity of Mixtures of Beeswax and Paraffin Wax {Wagner) ® 


Dies wax. i 

Paraffin Wax. 

Specific Gravity, 

« ! 



Per cent. ' 

Per cent. 


0 

100 

0'871 

25 

76 

0'893 

50 ‘ 

• 60 

0-920 

76 1 

26 i 

0-942 

80 ' 

?0 

0-948 

100 1 

i 

0 

0-969 


1 Chem. Ztii,, 1903, 753. 

Journ. Phys. Chem. Soc. Russ., 1905 (37), **^18. 
^ Zeitschr.f. analyt. Chem., 5, 280. • 
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Specific Gravity of Mixtures of Beeswax arid Ceresin (Dkterich) ^ 


Yellow .Wax. 

Yellow CeresU. 

Spec. Qrav. of 
Mijeture. 

White Wax. 

White Ceresin 

Spec. Giav. of 
Mixture. 

Per cent. 
100 

Per cent. 

0 

0-968 

Per cent 

100 

Per cent. 

0 

0-973 * 

90 

10 

0-961 

90 

K) 

0-968 

80 

20 

0-9576 

80 

20 

(P»62 

70 

80 

0-953 

70 

30 

0-956 

60 

40 

0-950 

60 . 

40 

0-964 

60 

60 

0-944 

50 

50 

0 946 

40 

60 

0-937 

40 

60 

0 938 

30 

70 

0-933 

30 

70 

0-984 

20 

80 

0-931 

20 

80 

0-982 

10 

90 

0-929 

10, 

90 

0-930 

0 

100 

0 922 

0 

100 

0-918 


Considerable quantities of added coresin and paraffin wax may be 
detected by the determination of tbe unsaponifiable matter, i.e. alcohols 
+ hydrocarbons. (It has been pointed out already that the unsaponifi- 
able portion must be determined with certain precautions which are 
detailed in VoL I. Chap. VI.) It should be borne in mind that the 
amount of “ unsaponifiable ” in different beeswaxes ^varies within 
somewliat wide limits. The numbers given in the table of character- 
istics fluctuate between 52^38 and 55'i?8. In the examination of 21 
samples of beeswax, Werder^ anived at numbers lying between 48’55 
and 53-08 per cent. In view of the tediousness of this process, and the 
uncertainty of the conclusions to be derived therefrom, it cannot be 
recommended for the quantitative*estiftiation of added ceresin or paraffin 
wax, unless it be corroborated and supplemented by other tests. For 
Lefs method cp. Vol. I. p. 602. ^ 

The proportion of total hydrocarbons in beeswax is accurately 
determined by A. and P. Buisine's process (Vol. I. Chap. IX.). 2 to 1C 
gnus, of the sample are heated with potash-lime to 250® C., the residue 
is powdered, and extracted in a Soxlilet extractor with dry ether or dr^; 
petroleum ether. The extract is filtered, if necessary, the solvent 
evaporated off, and the residue dried and weighed. The pro^ortiori o\ 
hydrocarbons in genuine yellow beeswax varies, according to Buisine 
from 12-7 to 13 per cent, and according to Kebler, froin 12-5 to U-5 pei 
cent. 

Adulteration with 3 per cent of foreign hydA)carfeon8 can thus b( 
detected, as an easy calculation will show. The liberated hydrogel 
may also be measured and calculated to melissyl alcohol. 1 grm. o 
pure Jieeswax should yield from 53-5 to 57-5*c.c. of hydrogen, correspond 
ing to 52-5-56-5 per cent of melissyl alcohol. In case the determinatioi 
of the latter be not required,- the apparatus for collecting and n^easurinj 
the gas need not be employed. 

More recent determinations by Ahrens and Uett have, however 
shown that the atfiount of hydrocarbons in beeswax may rise as hig] 

^ Wagner’s Jdhvesbavichty 1882, 1028. ^ 1900, 967. 
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as 17*3 per cent (cp. table, p. 900), so that the certainty afforded hitherto 
by Buisine’s test for the detection of 3 per cent of hydrocarbons begomes 
somewhat illusory (cp. also proportion of hydrocarbons in Ghedda 
Waxes, p. 900). • 

For some alterations proposed by Atrens and Hett in Buisine's 
arrangement of apparatus, the reader may be referred to the original 
p^er, and it need only be pointed out that for the successful carrying 
» out of Buisine's 'test the potassium hydrate should not be finely 
powdered, since a fine powder is apt to form lumps when the wax is ^ 
poured over it. Thus unattacked wax may rise in the tube and escape 
decomposition. 

Detection of Rosin, — The presence of rosin is detected with certainty 
by the Liehermann-Storch colour test. In the case of a dark coloured 
wax it is advisable to extract the wax with alcohol, and test the residue 
obtained after evaporating the alcohol. If a 50 per cent alcohol be used 
and the alcoholic solution be filtered in the cold, any stearic acid present 
is not extracted. Approximately quantitative results are therefore 
obtainable if the residue left after evaporating off the 50 per cent alcohol 
be weighed. More accurate results are arrived at by determining (by 
Twitcheirs method) the rosin in the alcoholic extract. 

Detection^ of Spermaceti— ^])eTmsiceti does not affect the acid value 
(cp. table, p. 5 o 7). If considerable quantities of spermaceti be present 
in beeswax as the only foreign wax, its presence would be detected, and 
its quantity can be ascertained approxijnately, by acetylating the 
isolated unsaponifiable matter. In more complicated cases the alcohols 
must be examined thoroughly by the methods given in Vol. 1. Chap. IX. 
The quantity of spermaceti can theq be derived from the quantity of 
palmitic acid obtained by the cobversion of cetyl alcohol into this acid 
(cp. Vol. I, Chap. IX.). Such elaborate methods must be especially 
resorted to in the case of cerates'^nd of wax polishes (see Vol. III. 
Chap. Xyi. Cp. also “ Beeswax Candles,” Vol. III. Chap. XVL). 

Detection of Carnaiiha Waa;.— Considerable quantities of oarnauba 
wax may be detected qualitatively by the refractometric test and the 
chloroform test (see p. 902). The best preliminary method, however, 
is, in the absence of mineral waxes and insect wax, Weinwurm^s test, as 
the author has ascertained by experiments in his laboratory. According 
to Berg, mixtures of beeswax and carnauba wax commence to melt at 
68°-70° C., and are not completely melted at 79"'^0° C. From the 
“ ratio number ^ of the wax conclusions cai^be drawn as to the presence 
of carnauba wax, provided other adulterants which influence the ratio 
number in the same manner be absent. If they be present, a thorough 
examination of the neutral esters is required. The quantitative deter- 
mination of carnauba wax in beeswax is a very difficult problem, and 
can only be solved with sufficient /iccuracy by an exhaustive examina- 
tion of both the free and combined fatty acids, and of the alcohols by 
the acetylating and potash-lime processes, described Vol. I. Chap. IX. 

Detection of Insect Wax. — As a preliminary test for the detection 
of insect wax, in the absence of mineral waxes and««arnauba wax, the 
Weirfwurm test can be recommended. If insect wax be the only 
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Irilterant, then its presence will be detected by an abnormally high 
rat\o number.” It has been pointed out above (p. 917) that in a 
mple so' adulterated the iodine value 11-5 was found. As insect wax* 
ight to have lowered the iodine value of the adulterated sample 
insiderably, some other foreign substance must have been added 
>erilla oil?). It is evident that the detection of insect wax offers 
•fficulties similar to those experienced in the search for carnauba wlx. 

1 doubtful cases the problem can only be solved by a thorough exam- 
lation of the neutral esters. 

Detection of Wool Fa\ and Wool Wax. — The presence of wool fat or 
ool wax is best recognised by testing the alcohols for cholesterol or 
ocholesterol. As I have shown (Vol. I. Chap. IX.) that cholesterol 
in be recovered almost completely from the potash- lime used in 
uisMs process, the safest plan is to convert the alcohols into acids, 
ad to examine the extracted hydrocarbons for cholesterol. 

In addition to the adulterants enumerated above, there would also 
ave to be considered as a possible adulterant Montanwax (see Vol. III. 
hap. XVI.). Methods for its detection have not yet been worked out 
^p. below). 

The author applies in a thorough examination of a samjile of beeswax 
;ie following tests in the older enumerated here : — 

Acid value, sajmiifkation value, s'pecific gravity, melting point ; per- 
mtage of unsaponifiable m<^tter, iodine yalue, determination of glycerin, 
Veinwurm test, extraction with alcohol and examination of the extracted 
itty acids, percentage of fatty acids yielding respectively easily soluble and 
paringly soluble soaps (by a method applied first in the examination of 
^ool wax ; ^ see Vol. f. Chap. XI*). • 

The unsaponifiable matter is tlien further examined for melting 
oint, increase on acetylation, appeai;^nce of the acetylated mass in the hot 
^ponification value of the acetate, and, if need be, convcrsioji of the 
Icohols into fatty acids. 

Each portion of the fatty acids isolated from the •easily soluble and 
paringly soluble soaps is examined separately for melting point and 
lolecular weight. The quantity of fatty acids isolated from the spar- 
ngly soluble soaps is as a rule contaminated with stearic *acid, etc., 
,nd cannot be calculated direct as cerotic acid ; it is therefore advisable 
0 treat tliese fatty acids with 80 per cent alcohol (see p. 919) in order 
0 remove acids of a lower melting point than that of cerotic. Any 
' montaiiic ” acid due to the presence of montanwax, •as also carnaubic 
pcid from carnauba wax, would be found with the “ cerotic ” acid. 
s[or should the whole amount of “ cerotic ” acid be calculated to 
lees^ax, unless the absence of insect wal has been ascertained. By 
tpplying these tests in a systematic fashion, and by calculating that 
lomposition which satisfies ‘best the analytical data, the m^ny errors 
nherent to the methods can be eliminated to a very large extent, so 
hat the final results may approxima^ to the true composition within 
] to 6 per cent. • 

^ Lewkowit.sch, Joiem. Soc, Cliem. Ind., 1892, 134 ; 1896, 14. 
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If tLe’acid value and saponification value found in the actual sample 
be diminished by those amounts which fre due to added free fatty acids 
•and saponifiable substances respectively, the calculated *acid and 
saponification values may as a rule be looked upon as due to beeswax 
only. If a “ normal ” beeswax had been i&ed in the production of the 
sample, the ratio bf acid value to saponification value will then be about 
20: 95 for a crude wax, and about 25 : 95 for a bleached wax. In case 
a sample consists of Indian or Chinese or Japanese beeswax only (see 
table, {)! 914), its abnorpial acid and saponification values will define 
its origin, if no adulterant can be detected, that case, confirmation 
may be found in the consistence, these waxes being much softer than 
African waxes ; they are further characterised by a peculiar aromatic 
odour. It would be impossible to condemn these waxes, inasmuch as 
they are the genuine secretion of the bee (see above), although not that 
of Apis mellijwa. This point deserves the serious attention of the 
analyst, as the quantities of beeswax exported from India alone are not 
inconsiderable. This may be gathered from the following table : — 


Quantity of Beeswax exported from the Whole of India 


Cwts. 

l8f8-79 3,311 

1880-81 6,592 

1885-86 5,635 

1887- 88 . . . 6,989 

1888- 89 4,673 

1889- 90 4,222 

1890- 91 6,514 

1891- 92 . . . . 5,814 

1892- 93 4,667 

1893- 94 . . ... . . 6,810 

1894- 95 . . . V • • • 7,487 

1895- 96 5,882 

1896- 97 3,142 

1897- 98 3,537 

189a-99 4,846 

1899- 1900 6,787 

1900- 1 6,059 

1901- 2 4,139 

1902- 3 ^4,481 

1903^4 6,686 

1904- 5 6,941 

1905- ^ 8,693 

1906- 7 8,162 

1907- 8 6,120 

1908- 9 . • . • . . . . 4,671 

1909- 10 6,998 

1910- 11 . . . * . . . 8,652 

*' 1911-12 . . . . ' . . 12,527 


The production of 1902-3 came from Bengal (3020 cwts.), Bombay 
(762 cwts.), Madras (427 cwts.), Burma (230 cwts.), £^d Sind (42 cwts.) ; 
and of 1911-12 from Bengal (7305 cwts.), Bombay (3156 cwts.), Madinas 
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(1343 tons'), and Burma (723 cwts.) ; the chief exports in 1902-3 were 
to Straits (2062 cwts.), United* Kingdom (1313 cwts.), Germany (534 
cwts.), Ceylon (312 cwts.), France (176 cwts.), United States (67 cwts.),^ 
Java, Belgium, and Mauritius (17 cwts.), and in 1911-12 to Straits 
(3932 cwts.), United Kingdom (2074 cwts.), Germany (3458 cwts.), 
Ceylon (125 cwts.), France (334 cwts.), Portuguese East Africa (500 
cwts.), Belgium (579 cwts.). These beeswaxes differ from the wax 
the domesticated bee by containing^ a smaller amount of free cerotic 
acid and hydrocarbons, and inferentially by, a larger propoftton of 
“ myricin.” But as thej’ are used in industry, moreover as they can 
be bleached successfully, and therefore enter largely into the com- 
position of candles, the greatest caution is required in judging a bees- 
wax which consists of a mixture of “ normal ” and “ abnormal ” 
beeswaxes. To emphasise this point, the following table, due to 
Buchner may be reproduced : — 


Calculaied Acid and Saponification Values of Mixed “ Normal ” and 
“ Abnormal ” (Ghedda) Beeswaxes 


(iliedda Wax. 

Tor cent 

“Normal" 

Rftpswax 

I’l'r cent 

Anil Value. 

Sapontication Value 

10 

90 

’ 18*6 

91-8 

20 

80 

17-6 

95-2 

30 

70 

15’5 

94-5 

40 

60 

14-1 

94-4 

50 

50 

• 12 6 

94-2 

60 

40 

1*11 

9U1 

70 

30 

9-7 

91-0 

80 

20 

j 8*2 1 

93-8 

90 

10 

. 

f 6-7 

93‘7 


It will thus be seen tliat if such mixtures be uilder examination 
the analysis of beeswax offers the greatest difficulties. In such a case 
only the rigorous elimination of all possible adulterants by an exhaus- 
tive search can lead to decision. 

The bleached East Indian wax is frequently adulterated (in Calcutta) • 
with bleached wax. ^ 

The chief uses of beeswax are for making candles (Russia alone 
consumes about 6500 tons per annum), wax pcffishe^, and modelling 
wax,® Smaller quantities are employed in the manufacture of cosmetics, 

^ lyie total inipoit of beeswax into the United Sta^s aniounted in 1905 -6 and 1906-7 
to 5‘22S and 8200 cwts, respectively, and in 1911 and 1912 to 8061 and 9613 cwts. 
respectively. • 

Buchner, Zeit,, 1906, No. 43 ; Chem. 1908, No. 7. • 

For modelling dowers, fruits, illustrations of botanical specimens, and finest ivorks 
of art pure beeswax is used, or at most a small gpiantity of lard or olive oil is added, in 
order to make the wax more pliable. Some modelling waxes consist of pure beeswax 
au4 a few per cent of ^ of turpentine. Modelling wax in Germany is usually prepared 
from 6 parts of beeswax^l to 1^ parts of oil of turpentine, and a ^ to | part of ses^e oil. 
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cerates, ointments, encaustic paints, lithographic ink,^ and for galvano- 
plastic purposes. 

Keliable statistics as to the world’s production are not available, 
but it may be stated that the import of Iffeeswax into Germany in the 
year 1902 amounted to 1421 tons, and in 1911 and 1912 to 2666 and 
29’99 tons respectively. • 

Wfcs used in phar^naceutical practice must conform to the speci- 
fications of the various pharmacopoeias, which up till now require^ 
numbers corresponding to “ normal ” waxes ; hence Chinese, Japanese, 
and East Indian (Ghedda) waxes and mixtures thereof with “ normal ” 
waxes are not tolerated by the specifications of the pharmacopoeias. 

Isolated data are the following : — France produces about 2500 tons 
of beeswax, and exported in 1913 239 tons, Russia about 2400 tons, 
Madagascar from 150 to 200 tons, and Algeria from 100 to 150 tons 
per annum. 

The value of the total export of beeswax from tlie Gambia Pro- 
tectorate and colony was in 1911 and 1912 £1514 and £1164, and that 
from Abyssinia £39,462 and £22,576. From Tangier the exports 
amounted in 191 2 to 295 cwts, the whole of which went to Germany. 


RUMP GLAND WAX 

French — dre des glandes anales des oiseaux, German— 
driisenwachs. Italian — Cera di codrione degli uccelli. 

This wax occurs in the rump glands of birds, together with animal 
fat. The following characteristics of the wax have been given by 
RbhnaiinP' 

‘ Acid value .... 130-175 

Iodine value . . . 15-5-2()'r) 

The wax contains up to 43-5 per cent of octodecyl alcohol. Chol- 
esterol is absent. The saturated acids are stated to exhibit optical 
activity. 

SPERMACETI (CETIN) ^ 

French — Blanc de haleine, Celine. German. — Walrat. 

' Italian— 

For table of characteristics see p. 930. 

Spermaceti (cetin) occurs chiefly in the head cavities and in the 
blubber of the sperm whale, Physeter macroce'phalus (cp. p. 863), and 


Fffl/lcrger models steariue or rosiu, or both, are admixed with bleached wax in definite 
proportions. Cheap modelling waxes pow made for pui poses of instruction contain 
considerable amounts of paraffin wax, and also of sulphur. 

^ Manche, Noclaiii et Chavet, French patent 397,923. 

^ yjdt. f, die, gesamte JHocheinie, 1904, 111. 
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the botilenose whale, Uyferoodm rostratus ; it has been also found 
in somewhat smaller quantities, in other cetacea ; it constitutes the 
solid portion of dolphin oil (p. 466) and of shark liver oil. The mode • 
of preparing crude speynaceti has been described above, p. 863. Crude 
sperm oil yields about 11 pen3ent of spermaceti. The crude spermaceti 
is melted and boiled two to three hours with a dilute caustic soda lye,^ 
containing about 2*5 per cent of caustic soda, and finally washed wiilh 
water till free from alkali. The clarified oil is then drawn off into flat 
tin moulds, in which the mass is allowed to crystallise. The caliifes are 
•broken up and comminuted to powder, which is pressed in bags in a 
hydraulic press, first in the cold and then in the hot. 

Refined spermaceti forms lustrous, white, translucent, tasteless, 
and odourless masses with a broad leafy crystalline structure ; it is 
so brittle that it can be rubbed to powder. In the melted state it 
leaves a grease-spot on paper. It is insoluble in cold 90 per cent alcohol, 
and sparingly soluble in 96 per cent alcohol ; it dissolves, however, 
easily in boiling alcohol (1 part in 40 parts). On cooling, the bulk 
separates in a crystalline condition. Spermaceti is readily soluble in 
ether, chloroform, and carbon bisulphide. 

Chemically, spermaceti consists chiefly of cetin,^ i.e. cetyl palmitate. 
Since the saponification value of pure cetin is 116*9, it is evident that 
other esters must occur in spermaceti. This is confirmed indirectly 
by the percentage increase on acetylating the alcohols (see Vol. I. 
Chap. IX.). The statement^ that sperm^aceti contains also glycerides 
of la uric, myiistic, and stearic acids as normal constituents requires 
confirmation. Lewkowitsch ^ found in a commercial sample of the 
saponification value 122*3, the acetyl value 2*63 ; this would point to 
the presence of a small amount of fr^e akohols. By crystallisation from 
alcohol pure cetin is obtained, 

On examining commercial samplesy the author found iodine absorp- 
tions of 3*52 to 4*09, no doubt owin^ to small quantities of sperm oil 
adhering to the spermaceti. The higher iodine values found by l)unlop, 
viz. 5*3-9*33, must be due to some sperm oil having remained behind ; 
this is confirmed by the exceedingly low melting points of the fatty acids 
which Dmdop found, viz. 32 to 40. Branderhorst ^ found the iodine 
value 6*7 for » specimen melting at 44® C. If other iodine-absorbing 
impurities (tallow) are absent, the proportion of sperm ojil may be 
calculated, adopting 82*5 as its iodine value. 

The esters in spermaceti are readily saponified bf boiling with 
alcoholic potash ; on diluting the alcoholic solution with water, cetyl 
alcohol is precipitated. 

^ D. Bridges, f]ngUsli patent 966, 1770. 

Tin; requirements of the U.S. Pharmacopoeia appear to correspond rather with 
the numbers calculated for cetin than those ascertained hitherto for spermaceti ; cp. 

L. Kebler, Journ. Soc. Ohem. Ind, 1896, 206. * ^ 

^ Heiutz, Liebig’s A nnal., 1854, ^2. 291. . Analyst, 1899, 321.* 

Pharm. Weekblad, 1909 (46), 1043. 
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^ ' SpiRkAGBTI— INSECT WAX 

Spermaceti cannot be easily adulterated, as any foreign substance 
causey it to lose its physical characters, such as transparency and 
crystalline structure. Genuine samples of commercial spermaceti* 
contain small’ quantifies only of free fatty acids. Thus Lewkowitsch 
found in a bomn^rcial sample the acid value 1*36, Kebler in the examina- 
tion of twelve samples of spermaceti acid values ranging from 0-09 to 
0-47, and Dunlop 0*20 to 0-48. • • 

A higher acid value of a sample would indicate the presence of 
stearic acid or beeswax, a high iodine value that of tallow. TheSe sub- 
* stances would also be pointed out by abnormal saponification values. 
They, as also paraffin wax, may be identified by the methods described 
under “ Beeswax.” 

A rapid process for the detection of stearic acid ^ is to melt the sample 
in a porcelain basin, and to stir it well with aiew c.c. of ammonia. After 
cooling, the solidified cake is removed and the aqueous solution acidified, 
when stearic acid separates. The presence of even one per cent of 
stearic acid may be thus ascertained. 

Spermaceti is employed in the manufacture of sperm candles, some 
kinds of “'beeswax ” candles, cerates (see Vol. III. Chap. XV.), and for 
cosmetic purposes.^ The alcohols obtained from spermaceti are said 
to form a useful basis for ointments.^ 


INSECT WAX, CHINESE WAX 

French — Cire d'insectes, Cire dejOhine. German — Insektenwachs, 
Chinesisches Wachs. Italian — Cera d’ insetti. 

For tabic of characteristics see p. ^33. 

Insect wax is the secretion of an insect, Coccus ceriferus, Fabr., or 
Coccus pela, Westwood. • 

The larvie of the insect appear early in the spring on the bark, 
boughs, and twigs of Ligustrum lucidum, Ait. (the “ evergreen ” tree 
growing in the Chien-Chang valley, Western China, near the fhibetan 
frontier), in the form of numerous brown, pea-shaped scales. These 
scales are gathered by the natives about the end of wrapped 
carefully in packages (each containing about 1 lb.), so as to protect the 
larva) from the heat whilst these packages are being^arriM to Chia-ting, 
the ceittre of the insect wax industry, a distance of about 200 miles 
from the Chien-Chang valley. (In order to pi;event the premature 
development of the larvae, the packages must*be kept as cool as possible 
and, therefore, the carriers only travel by night.) Each package is 
subdivided into smaller packages, wrapped in leaves, and suspended 

’ Les Corps gras industrids, 13. 207. 

Zeitsclir. f. angew. Ohein., 1905, 1760. 

® A mixture of these 4cohols with vaseline is sold under the fancy name “ ” 

(Blatz, Pharm. Zentrdlhl., 1908, 637)' 
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under the branches of a species of ash (most likely Fraxinm chinensis), 
after holes have been made in the leaves which cover the larva^ On 
emerging from the scales, the insects creep up the branches to the leaves 
of the tree, among which they remain thirteen days ; they then descend 
to the branches and twigs, where the insert wax is se^^ted.* The first 
appearance of the wax on the undersides of the boughs and twigs 
Trembles snow ; it gradually spreads over the whole branch to the depth 
of about a quarter of an inch. Three months after placing the insects 
on the 'tree the branches are cut off, and as much wax as possible is 
removed by hand. In order to recover a further quantity the branches • 
are boiled with water. The larvae are thereby destroyed, and hence 
fresh scales must be brought the following year for another crop of wax. 
One pound of scales is stated to produce four to five pounds of wax 
(Hosie), ( 

The annual production of insect wax varies greatly with chmatic 
conditions, as wind and rain act destructively on the insects. 

Insect wax has a yellowish-white colour ; it is odourless and tasteless, 
has a lustrous appearance and a crystalline structure, resembling in 
these respects spermaceti ; it is, however, more fibrous and considerably 
harder, and can be powdered more easily. 

This wSfX is very slightly soluble in alcohol and ether, but easily 
soluble in benzene, from which it can be obtained in a crystalline form. 
It consists chiefly of ceryl cerotate, C 2 gH 53 . which can be 

readily isolated from the wax by repeated crystallisation from petroleum 
ether (boiling point 115°-135° C.). Since the theoretical saponification 
value of ceryl cerotate is 73*8, other esters are evidently admixed with 
the ceryl cerotate, as the saponification values of commercial samples 
are considerably higher. Owing to the separation of potassium cerotate 
during saponification and titration, low saponification values were found 
by earlier observers ; such lowef numbers are omitted here. A com- 
mercial sample of Chinese wax examined by the author absorbed 1*4 
per cent of iodine. Another sample had the acid value 1*5. In the 
Weinwurm test (see p. 921) Chinese wax behaves like a beeswax adulter- 
ated with parafiin wax (Lewhowitsch), 

Insect wax is used in China and Japan for making candles, for 
polishing furniture and leather, and as a sizing material for paper, 
silk, and cotton goods. On account of its extensive use in China and 
Japan it is not largely exported to Europe.^ 

^ Journ, Soc. Chem. Ind., 1897, 685. 
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OBAF. 


PSYLLA WAX ^ 

This wax is secreted by Psylla aln% aik aphide liv^ on the leaves 
of Alnus incana. ■ It is obtained by extracting the iniS^^bts first with hot 
etjier, in order to remove glycerides, and finally with hot chloroform. 

The wax is insoluble in hot ether, and only sparingly soluble in cold 
chlorofo^rm, but readily soluble in hot chloroform and in benzene. It 
crystallises in needles of silky lustre, melting at 96° 0. ( 

Psylla wax is the psyllostearylic ester of psyllostearyl alcohol (see 
Vol. I. Chap. III.). The hydrolysis of the wax is stated to be effected 
less expeditiously by alcoholic potash than by hydrobromic acid.* 
Suridmch ^ states that t^e alcohol from psylla wax does not decom- 
pose when heated with an excess of caustic potash, even when heating 
is continued until the larger part of the alcohol is volatilised. On heating 
with soda-lime, however, besides hydrogen and water, an acid melting 
at 94° is obtained (Psyllostearylic acid). This shows| a marked differ- 
ence from the alcohol obtained from bumble bee wax. 


^ c 

WAX FKOM TUBERCULOSIS BACILLI 

French— Cire de bacillHuherculeux: Geimm-Tuherkel- 
hacillenwachs, Italian — Cera di tuhercoli. 

On extracting dried tuberculosis tbacilli with chhioioim, Kresling ^ 
obtained a fatty substance consisling, according to his statements, of 
free fatty acid, 14*38 per cent ; neutral fats and fatty acid esters, 77*25 
per cent; lecithin, 0*16 per cent^ water-soluble substances, 0*73 per 
cent. F^om the “ fatty acid esters,” 31*9 per cent of alcohols melting 
at 43*5° C. were obtained. The total fatty matter had the following 
characteristics 

Melting point 
^Acid value 
Reichert-Meissl value 
Fatty acids +un8aponifiablo 
Sapont'ication value 
Iodine value 

( V 

The fatty substance seems to be a wax,^ which is only saponified 
with great difficulty, far a similar preparation obtained by Bullock and 
Macleod by extracting dry tubercle bacilli with Aronson's mixture 
(alcohol and ether containing 1 per cent of hydrochloric acid), furnished, 

f * 

^^Zdtschr.f. phys. Chem., 1901 (32), 855 ; ibid., 1911, 455. 

2 im., 1908 (54), 255. 

^ “liber die Fettsubstanz der Tuberkelbacillen, ” Centralbl. f. BakterioL, 1901, 
XXX. 897. . 

* Up. Ritchie, Joum. Path, and Bad., 1906, 334. ^ 


46° C. 

23-08 

2-00 

74-24 per cent 
60-70 
9-92 
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after saponification with sodium aicniinioto i. 

ft. 
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Iodine value 
Saponification value • 

Melting poipt . * ’ ' 

Increase of weight on acetylating ! 
Saponification value of acetylated product 


9-30 
49-40 
44-4° C. 

1’2 per cent 
^ 9-0 


4U ts. Ihe a cohol-soluble portion contains a large proportion of nhos- 
st teTafr '-‘hit/ LrntZr 

bacilli *“ ”) from tuberculosis 

bacilli and other micro-organism, especially from Streplrctlfrix leproides, 

«“P'oyment for medicinal puiposes 5 has been patented by 
Kalie (fi Co.,« and also Meisler, Lwins, and Bruning? 

1 ^ • • 

M 1 , Coustitiition of the Tubercle Bacillus,” by W Bullock and I T li 

M acleo, I Journal 0/ //y^^tPne, 1904 (iv.), 7. ' > ^uiiock and J. J. R. 

Berliner klin. Wochenschr , 1910, No. 35, 13. 

Zntschr. f. physiol. Chew., 1912, 78*414.’ 

^ Zentralhl. f. Bakter. u. Pnrasitenk, 1909,4317. 

fi Reschad (Bey), Deutsche medic. Wochenschr., 1907, 89 

e7‘!as"mn7 'p'"* 193,883, 199,200; EnRlisli patent 

J’tu' ’P/( ' 301,989. Aiifddition to German patent 199,200 daims 

wimvrni l* n^“'i * benznWehyde, benzyl alcohol 
itm »“-l benzoyl chlorule. Cp. also /cMAf f. angm. 

Urn.. U09, 102; ami German patents 212,.350, 212,830, 213,393, 214,071 (Kalle 

iiiiglish patent 23,022, 1911 ; cp. German patent 239,560. 
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INDEX OF BOTANICA’L NAMES 


Acanthosicysus horrida, 102 
Acrocomia sclerocarpa, 607 
Acrocomia totai, 607 
Acrocomia vinifora, 006 
Adansoiiia alba, 512 
Adansonia digitata, 512 
Adansonia Grandidien, 512 
Adansonia grogori, 512 
Adansonia madagascanensis, 512 
Adansonia rubrostipa, 512 
Adansonia Za, 512 

/Egiphila obducta, lable fanv^ page 667 
aEscuIus hippocustanum, table facing 
page 404 

Aleurites cordata, 72 
Aleurites Fordii, 82 
Aleurites moluccana, 86 
Aleurites triloba, 88 
Alfonsia oleifcra, 533 * 

Allan blackia Ooribuiida, 524 
Allanblackia Stuhlmannii, 575 
Allophylliis racemosa, table facing page 
667 • 

Alnus incana. 934 

Amanita rausearia, fable facing page 404 
Amoora Eohituka, 126 
Amygdalus communis, 287 
Amygdalus persica, 285 
Anacardium occidentale, table facing 
page 404 

Anthyllis vulucraria, table facing page 
404 

Antiaris toxicaria, 886 
Apeiba Tunbourbou, table facing page 
404 

Aphanaraivis Rohituka, 120 

Arachis hypogaca, 297 

Arachis prostrata, 297 

Arbutus Unedo, 103 

Arctium Lappa, 96 

Areca catechu, 611 

Arganum sideroxylon, 322 

Argemone albifiora, 140 

Argemono grandiflora, 140 

Argemone nispida, 140 

Argemone Hunnemaiinii, 140 

Argemone raexicana, 139 

Argemone speciosa, 140 

Asparagus officinalis, 125 

Aspidiura filix mn^Jable facing page 


Aspidium spinulosum, table facing page 
238 Jf 

Astrocaryiira vulgare, 532 
Attaica cohune, o09 
Attahli, excolsa, 612 
Attalea rnaripa, 612 
Attaica spectabilis, 612 
Azadirachta indica, 513 

Bactris minor, 607 
Bactris pluini'riana, 609 
Baillonella Djave, 529 
Baillonella toxisporina, 529 
Balanites icgyptiaca, ^ 

Balanites Manghamii,*^! 

Balsamaria mophyllum, 369 
Barbaroa priecox, 276 
Ba|iloxylou brasilionsis, table facing 
page 667 

Bassia butyracoa, 572 
Bassia Djave, 529 
Bassia latifolia, 518 
Bassia longifolia, 522 
Bassia Mottloyana, 516 
‘Bassia Parkii, 524 
f Bassia toxisperma, 529 
* Bassia villosa, 518 
Bortholletia oxcelsa, 234 • 

Botiila alba, table facing page 404 
Bignonia flava, table facing page 238 
Bignonia toraentosa, 83 
Blighia sapida, 552 
Boletus olegans, table facing page 404 
Bombax Coiba, 179 • 

Bombax malabaricuin, 179 
Bombax pentandrum, 179 
Brassica alba, 268 
Brassica Besseriana; 264 
Brassica camgestrisi 241 
Brassica campestris, var. Napus, 243 
Brassica campestris, var. Rapa., 243 
Brassica carinata, 264 
Brassica glSRjca, 249 
Brassica juncea, 264 
^ Brassica napus, 249 
Brassica nigra, 263 
Brassica oleracoa, 244 
Brindonia indica, 597 
Brucoa antidysentcrica, table facing 
page 404 

Brucea sumatrana, table facing pf^ge 404 
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Bryonia dioioa, 103 
Buchanania fastigiata, 664 
JBuchanania latifolia, table facing page 
667 


Bursera panioulata, 38^ 
Butyrospermum Park“ 


Cacara nigra, 236 

Castalpinia Bonducella,<a6Ze facing page 
238 

Caju ga(i^upa, 497 

Calodondron capense, table facing page 
238 

Calophyllum Calaba, 369 
Calophyllum inophyikuh, 369, 499 
Calophyllum TacamlfawA, 369 
Camelina sativa, 143 
Camellia dmpifera, 323 
Camellia japonica, 326 ^ * 

Camellia oleifera, 323 
Camellia sasanqua, 327 
Camellia theifora, 324 
Canarium commune, 382 
Canarium microcarpum, 383 
Canarium oloosum, 383 
Canarium polyphyllum, 383 
Cannabis sativa, 93 
Cantharellus cijgarius, table facing page 
404 * 

Capsicum annuum, table facing page 238 
Caraga3na arboroscens, 137 
Carapa grandiflora, 507 • 

Carapa guianensis, 502 
Carapa guineonsis, 503 
Carapa guyanensis, 602 
Carapa moluccensis, 602 
Carapa procera, 603 t 

Carapa surinamensis, 504 
Carapa touloucouna, 502 
Carica papaya, table facing page 667 \ 

Carpa microcarpa, table fac%ng page * 
667 t 

Carpatroche brasiliensis, table facing 
page 067 * 

Carrumbium sebiforum, 692 

Carthamus oxyacantha, 104 

Carthamus tinctorius, 104 

Caryocar b&tyrosura, 565 

Caryooar nuciferum, 555 

Caryocar tomentosum, 556 

Cassambium spinoj^pm, 553 

Celastrus paniculatus, 338 

Celastrus senegaleniis, 3J7 

Celastrus serratus, 337 

Cclosia cristata, 138 

Cephalotaxus drupacea, 110 

Cora Musse, 884 * • 

Coroxylon andicola, 885 

Cheiranthus cheiri, 145 « 

Chelidonium majus, 155 

Chorisia Feckoltiana, table facing page 

mf 

('hrozophora verbascifolia, 155 * 

Cmnamomum camphora, 666 
CitmlJiiB colocynthis, 160 


CitruUus naudinianus, 162 
CitruUus vulgaris, 162 
Citrus aurantium, table facing pa^e 238 
Clavaria flava, table facing page 404 
Cochlearia offiqjnalis, 276 
Coohlospermum Gosaypium, table facing 
page 2m . 

Cocos acrooomoi4&^9 
Cocos aculeata, 6uT 
Cocos butyracea, M 
Cocos nucifera, 623 
Cocos sclerocarp^, 607 
Coffea arabica, 371 " ' 

Colophonia raauritiana, 382 
Copemicia cerifi^r*^ 876 
Coriandrum satiVUm, table facing page 
238 

Cornus sanguiuea, 294 

Corylus avellana, 330 

Corylus tubulosa, 332 

Corypha cerifera, 875 

Goula edulis, table facing page 404 

Coumarouna excolsa, 649 

Crambe maritima, 276 

Crataegus oxyacantha, 150 

Croton Elliotianus, 131 

Croton sebiferiim, 89, 592 

Croton Tigliura, 227 

Cucumis Chate, 164 

Cucumis citrullus, 163 

Cucumis melo, 165 

Cucum^ sativus, 166 

Cucurbita citrullus, 163 

Cucurbita maxima, 160 

Cucurbita. pepo, 168 

Cupressus sempervirens, 141 

Uydonia vulgaris, 277 

Cylicodaphne Litsaea, 661 

Cylicodaphno sebifora, 661 

Cynara cardunculus, 110 

(5q)erus esculentus, table facing page 404 

Cytisus laburnum, table facing page 238 

Dahlbergia arborea, 497 
Dahlbergia„ sissoo, 497 
Daphne Cnidium (semen coccognidii), 
166 

Daphne Mezoreum, 156 

Datura Metel, 177 

Datura StramonTura, 176 

Delphinium olatum, table facing page 238 

Dichopsis, 601 

Diospyros kaki, 173 

Diospyros virginiana, 173 

Dipterocarpus tuberculatus, 916 

Diptoryx odorata, 649 

Dolichos soja. 111 

Dryandra cordata, 72 • 

Dryjpidra vemicea, 72 

Dumoria Hockeli, 632 

Echinops ritro, 110 
Elais guineensis, 532 
Elais melanococgp^ 633 
Elffiis Nigresoens, 
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Eleeis Virescens, 643 
Elffiococoa cordata, 72 
ElflBocticca sinensis, 72 
ElseocoQca vernicia, 72, 82 
Eriobotrva Japonica, 55^ 

Eriodondron anfractuosum, 179 « 

Ernca sativa, 271 
Euphorbia antis^l^oa, 879 
Euphorbia elastioa, facing page 238 
Euphorbia gregaria, table facing page 238 
^^4^4^^^ table facing page 

Euterpe oleracea, 238 ' 

Evonymus europsea, 22G 

verTucos^to6Ze facing jwge 

Exosecaria sobifera, 592 

Fagus sylvatica, 177 

Fegimaura africana, 659 

Ficus coriflua, 884 

Ficus gummiflua, i. 241 

Ficus rubiginosa, 880 

Ficus subracemosa, 884 

Foeniculum oapillaccum, i. 193 

Fouquiera splondens, 880 

Fragaria vosca, 147 

Fraxinus chinensis, 932 

Fraxinus excelsior, table facing page 238 

Funtumia clastica, 128 

Gadelupa arborea, 497 
Gadelupa indica, 497 * 

Gadelupa pinnata, 497 
Galoga officinalis, table facing 'page 404 
Galeopsis ladanum, table facing page 238 
Galorrlii^us velloreus, fable facing paik 
404 

Garcinia Balensaa, 598 
Garcinia ochinocarpa, 000 
Garcinia indica, 597 
Garcinia niangostana, 598 
Garcinia inorclla, 551 
Garcinia jnctona, 598 
Garcinia purpurea, 597 
Garcinia tonkinensis, 598 
Glycine hispida, 111 
Glycine Soja, 111 
Gossypium arboreum, 181 
Gossypium barbadenso, 181 
Gossypium brasilionso, 182 
Gossypium horbacoum, 182 
Gossypium hirsutum, 181 
Gossypium negloctum, 181 
Gossypium obtusifolium, 182 
Gossypium pcriivianum, 182 
Gossypium Wightianum, 182 
Guizotia abyssmica, 133 
jtuizotia oleifora, 133 i 

^ynandropsis pontaphylla, table, facmg 
page 238 * 

5ynocardia odorata, 96 

dedysarum Onobijifibis. table facing 
page 404 


re, iable facmg page 238 
nieri, 127 


Helianthus annuus, 135 
Hesperis matronalis, 91 
Hevea brasiliensis, 129 
Hodgsonia heteroclita, see H. Kadam 
Hodgsoni^^am, 515 
Hopea as^^HoO 
Hordeum^jjp^, , 

Hotnima Tw^nieri, 

Humulus lupulm, 150 
Hydnocarpus alpina, 494 
dydnocarpus anthelraintica, 495 
Hydnocarpus eduha, 490 
Hydnocarpus heterophyllus, 491 
Hydnocarpus inebrians, 493 
Hydnooarpui Kurzii, 491 
Hydnocarpus Wi^tiana, 493 
Hydnuni repandum, table facing page 

lIyosc%mq| Q^er, 132 


Jllieium religioBum, table facing page 238 
lllicium verum, tabic facing page 238 
lllipe butyracea, 572 
lllipo lalifolia, 518 
lllipo malabarica, 522 
Irvingia Barteri, 059 
Irvmgia gabonensis, 059 
Irvingia Harmandiana, 004 
Irvingia malayana, 0(W 
Irvingia Oliveri, 004 
1 satis tinctona, 276 
Isqptera borneensis, 494 


Jatropha Curcas, 231, 880 
Jatropha glandulifera, 234 
datroplia mahafalensis, 232 
Jatropha multifida, 232 
^Jatropha oligandra, 232 
tJoannesia princeps, table facing page 238 
f Joliffia africana, 332 
’ .luglans mgra, 220 
Juglans regia, 99 • 

Junipcrus communis, i. 08 
Juniperus Sabina, -i. 08 


Kerstingiella geocarpa, table facing page 
540 

Klopstockia corifora, 885 * 

Lallomantia iborica, 85 * 

Lallcmantia RoyloMia, 85 
Langadorffis hypogaa, 880 
Lappa minor^OO | 

Laurus indic^ table facing page 238, 499 
Laurus nobilis, 499 
Lawsonia alba, 154 
LecytWs olferia, 380 
Lecythis umigera, table facmg page 404 
^ Lecythis Zabucajo, 380 
Leonurus cardiaca, iable facing page 238 
Lopidadenia Wightiana, 661* 

Lepidium sativum, 239 • 

L*bpiota procera, table facing page 404 
Ligustrum lucidum, 931 
Linaria reticulata, 103 
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Lindera Benzoin, table facing page 404* 
Linum ueitatissimum, 45 
Litssea a^ifera, 661 
Litsffia zeylaniea, 5 
Lophira alata, 613 
Lophira prooera, 

Lotus oomiculatus, taH^fc^^page 404 
Lufia aoutangula, tabli facing page 667 
Lufia segyptiaca, 225 ^ 

Lupinus aibus, table fmng page 404 
Lupinu^|kngu8tifoliu8,ji<ci^fe facing page 

Lupinus luteus, tabU facing page 404 
Lupinus sativus, ipbk f^ing 404 

Lycoperdum gemngjjiipm, Mte facing 
page 404 ^ 

Lycopersicum esouljl^^fcpipQ; table facing 
page 172 ' 


Machilus Thunborgii, 617 ^ 

Madia sativa, 145 ^ 

Mafureira oleifcra, 555’ 

Mangiiera gaboncnsis, 669 
Mangifera indica, i. 30 
Mangostana indica, 597 
Manihot ceara, 127 
Manihot dichotoma, 127 
Manihot dulcis^ 127 
Manihot Glazio\fi, 120 
Manihot heptaphylla, 127 
Manihot Jequie, 127 
Manihot pianhyensis, 127 « 

Manihot Teissonieri, 127 
Manihot utilissima, 127 
Manihot violacea, 127 
Manniophytum fulviuni, table facing 
page 238 • 

Mauntia vinifera, 606 ^ 

Maxirailiana maripa, 612 
Medicago sativa, table facing page 404 | 
Melia Azadirachta, 613 * 

Melia Azedarach, 131 
Melia champaca, 524 
Melilotus aibus, tabh facing page 404 
Melilotus officinalis, table facing page iOi 
Mellicocca trijuga, 563 
Mimusops Djave, 529 
Mimusops Njave, 629 
Moquima hypolenca, 886 
Moringa apterd, 373 
Moringa oleifera, 373 
Moringa pterygosperma, 373 
Moronobea coccine|, 516 
Moms alba, 162 
Mucuna capitata, 236 
Mqci^a cylindro-sperma, 236 
Muculia monosperma, 236 • • 

Mucuna pruriens, 236 * 

Mucuna prurita, 236 , 

Mucuna urens, 236 
Munnicksift Wightiana, 493 
MyagfUm sativum, 143 
Mymusops elengi, table facing page 667 
Myrica arguta, 656 
Myrica^caracassana, 656 


Myrica oarolinensis, 666 
Myrica cerifera, 656 
Myrica cordifolia, 65<3 
Myrica ethiopioa, 65^ ' 

Myrica ialapen8is,f668 
Myricftelaciniata, 656 
Myrica queroifolia, 656 
Myrica serrata^^ra 
Myristica angolrabsls, 566 
Myristica argentea, 662, 564 
Myristica bicuhyba, see Virola b. 
Myristica caftanoa, 666 
Myristica fragntns, 660 
Myristica guatemalensis, 564 
Myristica iriya, 669 • •> 

Myristica laurifdHaJ 664 
Myristica malabarioa, 565 
Myristica mosobata, 660 
Myristica ocuba, 571 
Myristica officinalis, 660 
Myristica otoba, 670 
Myristica sebifera, see Virola s. 
Myristica surinamensis, 607 
Myrtus communis, 225 

Nasturtium officinale, 276 
Nepholium lappaceum, 577 
Nerium oleander, table facing jiage 404 
Nicotiana tabacum, table facing page 238 
Nigella sativa, table facing page 238 

Ochocoa gabonii, 569 
Ocimum crispum, 43 
CEnocarpus bacaba, 237 
(Enocarpus batava, 237 
Olea europsea (sativa), 338 
Clloum crotonis, 227 
Oleum infernale, 231 
Oncoba echinata, 496 
Ongokea Klainana, 154 
Onguekoa Gore, 154 
Onobrychis montana, table facing page 
404 

Onobrychis sativa, table facing page 404 
Onobrychis vicisefolia, table facing page 
404 

Onobrychis vulgaris, table facing page 
404 , 

Omithopus rosexis, 4flble facing page 404 
Omithopus sativus, table facing page 404 
Oryza sativa, 321 

Palaquium dichopsis, 601 
Palaquiura oblongifolium, 574 
Palaquium oleosum, 574 
Palaquium pisang, 674 
Palma maripa, 612 

Paneira do campa, Bombax, table facing 
page 667 

Pangiqm edule, 496 
Panicum italicum, 132 * 

Papaver album, 119 
Papaver nigrum, 119 
Papaver somnifen^, 119 
Parkia africana, 49 t^ 
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Parkia biglobosa, 497 I 

Paullinia trigona, table facing page 667 
Paulownia iraperialin, 83 
Payena oleifora^ 61 T 
Peilanthus pavonia, 879 
Pentaclethra macrophylhv, 295, 659 
Pentacme siamensis, 600 
Pontadesma hutyv&Qe&jJahle facing page 
667 ? 

Pentadesma leptonema, table facing 
page 667 

Perilla argiita, 43 
Porilla hetcromorpha, ^ 

Perilla naiikinensis, 42 
Perilla ocimoidoB, 42 
Persea gratissima,, facing page 667 
Petroselinum sativum, table facing page 
404 

Philadelphus coronariu't, 880 
Picoa excelsa, i. 68 

Picrarania carpenterre, table facing page 
607 

Picranmia lindeniaiia, table facing page 
667 

Pimpinella anisum, 227 ; i. 193 
Pinus abies, 141 
Pinus cembra, 141 
Pinus Premontiaiia, 1 40 
Pinus Gorardiana, 141 
Pmus moiiophylla, 141 
Pinus montana, 141 
Pmus picea, 141 
Pinus pinea, 141 
Pmus sylvestris, 141 ; i. 08 
Pirus communis, table facing page 238 
Pirns malus, table facing page 238 
Pistacia lentiscus, 329 • 

Pistacia terelunthus, 330 
Pistacia vera, 329 , , / • 

Pithccoctonium echinatum. table facing 
page 667 .... 

Pithecolobium dulce, table facing page 
607 

Plukcnetia conophora, 71 
J^oga oleosa, 328 
Poly gala senega, 375 
Polygalum Gcsncri, table facing page 404 
Polyporus confluens, table facing page 
404 

Pongamia glabra, 497 

Primus amygdalus, 287 

Prunus armeniaca, 280 

Prunus brigantiaca, 285 

Primus cerasus, 278 

Prunus damasccena, 283 

Prunus domestica, 283 

Prunus laurocerasus, 280 

Prunus persica, 285 

Psoralca corylifolia, table facing page 404 

Pycnanthus Kombo, 505 

Quatel6 ^abucajo, 380 
Querous agrifolia, 294 

Raphanus RajjJp^itffum, 276 


Raphanus sativus, 272 
Raphia ruffia, 882 
Reseda luteola, 163 
RhamnuELca^’ 95 
Rhus 

Rhus flf l^Wmacing page 404 
Rhus s. 660 

Rhus sylv'^ tiifi, 660 
Rhus von ^oifer^ 650 

Rhymovis^atraftmentosa, table 

n e 404 ' 

rubrum, 148- •• 

Rjcinodendron afri«anum, 97 
Ricinodendrqip Heudalotii, 97 
Ricinodendion Riautbanenii, 98 
Ricinuf 0opimumiN889 
Ricinus ^ang^eus, 390 
Ricinus viridis, ^ - 
Rioinue Zantibattepsis, 390 
Ricinus jipiibarinus, 390 
Robiniapfeudoaoacia, 91 
Ro^l^cal^a, 

Sanradora indioa, 664 
Salvadora oleoidos, 664 
Salvadora pcrsica, 604 
Sambucus racomosa, 334 
Sambucus racemosa arborpscens, 334 
Sapindus rarak, table facing page 404 
Sapindus trifoliatus, taole facing page 404 
^apium sobifcrum, 89, 592 
Schlcichora trijuga, 653 


> II - T 


racemosa 

Scyphocephalium cbrysothrix, 509 
Scyphocophalium ochocoa, 509 
I Scbifera glutinosa, 601 
ftocale coreale, table facing page 238 
iSccale cornutum, 381 
Rosamum indicum, 208 
' Scsamum brientalo, 208 
Scsamura quadiidentatum, 208 
Sosamum radiatum, 209 ^ 

Sesamum subdontatum, 208 
Sesamum subindi^isum, 208 
Shorea aptera, 000 
Shorea compressa, 600 
Shorea falcifera, 600 
Shorea Gysbcrtiana, 600 
Shorea Martiniana, 000# 

Shorea stonoptcra, 600 
Simaruba, table fating page 007 
Sinapis alba, ^68 
Sinapis arve»is, 2*1 
Sinapis chinensis, 271 
Sinapis disseota, 271 
Sinapjp ni^a, 263 
Siphonia mstica, 129 
Skaphium lanceatura, 604 : table facing 
< page 667 
Soja hispida. 111 
Soja japonica. 111 
Sorbus aucuparia^ 138 
Sorghum ceynuum, 237 
Sorghum vulgare, 237 
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S^diaiS^uteft, 936 

sl^Wloet^ 

Stillingiii jaebif^ja Oproton 
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Tamarindus indicia, 

Taraktogenos Kuriii, 191 
Teliairia oocidentaS, 334 
Telfabi' ^ata, 332 ’ ) 

Tetranti'ta calophyUSMCl , 
Tetraathera citrata, facing 
667 

Tetranthera glabraria, table facing page 
667 

Tetranthera laurifolia, 661 ; table facing 
page 667 

Tetranthera Rciburghii, table facina 
page 667 »•’ 

Thea drupifera, 323 i 

Thoa japonioa, 326 
Thea oleosa, 323 t 

The* sasanqua, 323, 327 
Thea sinensis, 324 
Theobroma cacao, 579 
Thespesia populnea, table facing page 
404 I 

Thuja ocoidentaKs, 141; i. 68 ( 

TieghemoUa afrioana, 520 
Tieghemclla Heckeliana, 632 
Tieghemella JoUyana, 529 
Tilia ameritana, 224 
Tilia cordata, 224 ; Me facing page 238 
Tilia parvifolia, 224 f table facing page 
238 

Torreya nuoifera, 109 


Trameteg saareol^ Me fctt^ng jpm 
404 1 \ 

Trichilia emetioa, 6fi6. , * 

Trichilia gubcordate^ ^57 
Trichosantbes Kaflain, 615 
Trifolium agrtnipEa, table facing page 
404' . 

TiiMum hybridiimn, table facing page 

Trifolium inoajroatum, table facing jpage 

Trifolium ipiteqM, table facing page 404 
Trifoliura prateni* perenne, 167 
Trifolium reppns, 167; table facing 
pa^e 404 

Triticum sativum,, 174, 293 
Tropeeolum majus, MO 
Tumion califorj^ui^ 295 

Ulraus campestris, table facing page 'iOi 
Ungnadia spooiosa, table facing page 404 

Vajoinium myrtillus, 150 
JfiW^um vitis idooa, 149 
vateria indica, 577 

Vomonia anthelmintica, table facing 
page 404 

Vicia faba, table facing page 238 
Virola bicuhyba, 668 
Virola guatemalcnsis, 567 
Virola Micheli, 671 
Virola sebifera, 671 
Virola aurinamensis, 667 
Virola venezuelensis, 567 
Vitex agnua oastus, 389 
Vitis vmifera, 385 ’ 

•• 

Xanthium Strumarium, table facing 
page 238 

Xanthophyllum lanceatum, 604; table 
facing page 667 
Ximenia americana, 336 
Ximenia Russelliana, 336 

^Qthoxylum Clava-Horculis, 936 
Zanthoxylum Pentanome, 030 
Zea mays, 166 
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Acanthias vulgaria, 446 
Accipenser sturio,^<a6][e page 423 
iEstraelata Xc^monv^bl&cing page 724 
Alausa pilchardus, table r^ing page 423 
Albumus luoidus, table j<mng page 423 
Alosa menhaden, 411 
Anas boschas, 674 ; table faring page 
^62 . .^7, - ^ 
Anguilla rostrate, table facingmg^! 

Anser cinereus, '682 .'*Vt 

Ansor ferua, 682 

Antilopo rupicapra, tabl9ifactng page 862 

Apis (forsata, 916 , 

Apis florea, 916 

Apis indica, 915 

Apis Ligustica spinola, 920 

Apia mellifcra, 896 

Apis Trigona, 915 

Arctocepnalus Hookeri, 448 

Arotomys marmota, 674 


Jas, 466 i ^ 
thela]l 08 tl^)|l^ 
ingus, 429 f . ^ 
giceps, 419 
MS), 420 » * 

^ ditius, 418 

faring 

ks cacti, 

pus ceriferus, 931 
Cqqbus pela, 931 
fliKmba livia, table facing page 802 
(^talus durissus, 673 
Cydnufl indicus, 489 
Cynoscion regalia, tabl^acing page 44' 
Cyprinus carpio, tablS^acing page 423 

t^hinus globicops, 466 
l^lphinus longirostris, 469 
Dclphinus phoccena, 469 



Ba^na austr&lis, 464 
Htifena Aystioetus, 464 
Balsonoptcra borealil, 454 
Balaenopt^ hyperoodon, 464 
Balasnoptera longimana, 454 
Balsenoptera musculus, 454 
Balaenoptora sibbaldii, 454 
Birgus latro, 447 
.BombifS lapidamus, 936 
Bombus m^scarum, 936 
Bombus ^rrestria, 936 
Borpbyx mori, 473 
Brevoortia tyrannus, 411 
Brosmius brosme, table faci-i 
Bubulum, Oleum, 484 


Cancer pagurus, 447 
Canis familiaris, table facing page 862 
Canis vulpes, (able facing page 862 
Carcharius littoralis, table facing page 

447 

Centrina Salviani, table facing page 447 
Ceroplastea cerifenis, 936 
Ceroplastos rubeus, 936 
Cervus aloes, table fd^ng page 862 
Cenrus oapreolus, table facing page 862 
Cervus daraa, table facing page'^Q2 
Cervus elaphus, 861 
Cervus rangifer, table facir^ page 862 
Cervus tarandus, t ablLf acina page 862 


Engraulis cncrasicholua, fable facing 
• page.i2f 
|Equu8 caballus, 675 

* Folia catuS, table facing page 862 
Fells domestica, table facing page 802 
Felis tigris, table facing page 862 
Fulica atra, table facing page 862 

• 

Gadus callarius, 4^4 

[ Gadus carbonarius, 429 : table facing 
page 447 # 

Gadus chalcogramus, table facing page 
447 II 

Gadus merlangus, 429 ; iabh facing page 
447 

Gadus morrhiia, #4 
Gadus viren8f429| table facing page 447 
Gallus domesticus, table facing page 862 
Gasterosterus trachurus, table facing 
page 423 

Grus cgneroft, table facing page 862 
Gulo borealis, table facing page 862 
^ Gymnonsarda affmia, table facing page 


Halicore australis, 466 
JHalicore indicus, 466 
Hyperoodon bidens, 870 




PrisMq fadm page 447 

jPsjlk Ii4 4^. 

l^itQrhiB (oouni^i^^s) putorius. ta(^ 

Bl^^olayali '^bStis), Ifftit facing ^toie 

table facii^^ 

R)iachfepect08^glauo4, 464 ^ 

9oy%m Utice^^i^ 

'SkQnolUUS bOM^PB) 440 J tcl^lejw,^ny fKiy^ 

Sphy™, aygaena, tabk ^irig page 447 . 
“ii^% '^^<5a«thi«k|j 446; table fmng ‘ 


faeina page 447 ‘ ^ 
447 ': 

mie tamng page 






